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  ﻣﻠﺨﺺ
 – ﻣﺤﻄﺘѧﻴﻦ ﻋﻤѧﻮﻣﻴﺘﻴﻦ ﻟﻤﻌﺎﻟﺠѧﺔ ﻣﻴѧﺎﻩ اﻟѧﺼﺮف اﻟѧﺼﺤﻲ، ﻣﻨﻬѧﺎ واﺣѧﺪة ﻓﻘѧﻂ ﺗﻤﺘﻠﻚ وﻻﻳﺔ اﻟﺨﺮﻃﻮم 
ﺘﻲ أﺟﺮﻳﺖ ﻋﻠﻰ ﻣﺤﻄﺔ ﺳﻮﺑﺎ ﺗﺪﻧﻲ ﺑﻴﻨﺖ اﻟﺪراﺳﺎت اﻟ . ﺑﺮك اﻟﺘﺜﺒﻴﺖ ﻓﻲ اﻟﻤﻌﺎﻟﺠﺔ  ﺖ ﻧﻈﺎم  ﺗﺒﻨ  –ﻣﺤﻄﺔ ﺳﻮﺑﺎ 
 ﺗﻬѧﺘﻢ ﺑﺈﻋѧﺎدة آﺎﻧѧﺖ و ﻟﻜѧﻦ ﻣﻌﻈѧﻢ هѧﺬﻩ اﻟﺪراﺳѧﺎت . ﻋﻠﻰ اﻷﺧﺺ إزاﻟѧﺔ ﺑﻜﺘﺮﻳѧﺎ اﻟﻘﻮﻟѧﻮن ة اﻟﻤﻌﺎﻟﺠﺔ ﺑﻬﺎ، آﻔﺎء
ﻟﻤѧﺆﺛﺮة ﻋﻠѧﻰ ﺒﺤѧﺚ اﻟﻌﻮاﻣѧﻞ ا  ﺑهѧﺘﻢ ﺗﺼﻤﻴﻢ اﻟﻤﺤﻄﺔ أو إﺳﺘﺒﺪاﻟﻬﺎ ﺑﻮﺳﻴﻠﺔ ﻣﻌﺎﻟﺠﺔ أﺧﺮى، ﻓﻲ ﺣﻴﻦ أن اﻟﻘﻠﻴѧﻞ إ 
  . ﻴﻨﻬﺎﻣﺴﺘﻮي اﻟﻤﻌﺎﻟﺠﺔ و ﺗﺤﺴ
 ﺑﻌѧﺾ ﺴﺒﺔ اﻷزاﻟѧﺔ ﻟﻠﻤѧﻮاد اﻟﻌѧﻀﻮﻳﺔ و اﻟﻌﺎﻟﻘѧﺔ ﻣѧﻊ ﻧѧ  ﺳﺎﺳًﺎ ﻹﻳﺠﺎد اﻟﻌﻼﻗﺔ ﺑﻴﻦ ﺗﻬﺪف هﺬﻩ اﻟﺪراﺳﺔ أ 
ﺑﻤﻴѧﺎﻩ اﻟѧﺼﺮف اﻟѧﺼﺤﻲ، ﺣﻴѧﺚ ﻳﻤﻜѧﻦ إﺳѧﺘﺨﺪام هѧﺬﻩ اﻟﻌﻼﻗѧﺔ اﻟﻬﺎﻣѧﺔ ﻌﻮاﻣﻞ اﻟﺒﻴﺌﻴﺔ و ﺗﺮآﻴѧﺰات اﻟﻤﻜﻮﻧѧﺎت اﻟ
ﺤﻴѧﻮي، ﻓﻤﺎ ﻓﻮق ﻟﻤﺘﻄﻠﺒѧﺎت اﻷآѧﺴﺠﻴﻦ اﻟ % 57ﻟﻠﻤﻮاد اﻟﻌﺎﻟﻘﺔ و % 06اﻟﻤﺤﻄﺔ اﻟﺘﻲ ﺗﺪﻧﺖ إﻟﻰ  آﻔﺎءة ﻟﺰﻳﺎدة
  . ﻟﻤﺘﻄﻠﺒﺎت اﻷآﺴﺠﻴﻦ اﻟﺤﻴﻮي% 58ﻟﻠﻌﻮاﻟﻖ و % 08ﺑﻘﻴﻢ اﻟﺘﺼﻤﻴﻢ اﻟﺘﻲ ﺗﺼﻞ إﻟﻰ ﻣﻘﺎرﻧﺔ 
ﻋﺒﺮ ﻋﻦ هﺬﻩ اﻟﻌﻼﻗﺔ ﻓﻲ ﺷﻬﺮ،  37  ﻣﻦ اﻟﻤﺤﻄﺔ ﻟﻔﺘﺮة اﻟﺪاﺧﻞ \ اﻟﺘﺮآﻴﺰ اﻟﺨﺎرج   ﻣﺘﻮﺳﻂ ﺑﺈﺳﺘﺨﺪام
ﻲ ﺠѧﺎﻋ اﻟﺘﺤﻠﻴѧﻞ اﻹرﺗ  و ذﻟﻚ ﺑﻮاﺳﻄﺔ ،)ledom citsinimreteD(ﺗﺤﻜﻴﻤﻴًﺎ  ًﺎ ﻧﻤﻮذﺟ ﻣﻌﺎدﻻت ﺗﻤﺜﻞﺻﻮرة
ﻣﻌﺎﻣѧѧѧѧﻞ اﻹرﺗﺒѧѧѧѧﺎط ﺑﻮاﺳѧѧѧѧﻄﺔ ( اﻟﻨﻤѧѧѧѧﻮذج)س ﻣѧѧѧѧﺪي ﻗѧѧѧѧﻮة اﻟﻌﻼﻗѧѧѧѧﺔ ﺎو ﻗﻴѧѧѧѧ. (sisylana noissergeR)
ﻘѧﻴﻢ ﺑﻌѧﺪ إﺳѧﺘﺒﻌﺎد اﻟ(. selbat AVONA)ﺗﺤﻠﻴѧﻞ اﻟﻤﺘﻐﻴѧﺮات و ﺟѧﺪاول ( tneiciffeoc noitalerroC)
 اﻟﻨﻤѧѧﻮذج دﻗѧѧﺔﻟﺰﻳѧѧﺎدة اﻟﺘﺄآﻴѧѧﺪ ﻣѧѧﻦ  و .دﻗﺘѧѧﻪو ذﻟѧѧﻚ ﻟﻠﺘﺤﻘѧѧﻖ ﻣѧѧﻦ  % 59±ﻤѧѧﺪى ﺛﻘѧѧﺔ ، رﺳѧѧﻢ اﻟﻨﻤѧѧﻮذج ﺑةﺎذاﻟѧѧﺸ
 )ledom lacigolonemonehP/ citsinahceM( ﺮيـاهﻮـﻇ\ ﻲـ ﺁﻟﻠﻪ إﻟﻰ ﻧﻤﻮذجاﻟﻤﺴﺘﺨﻠﺺ ﺗﻢ ﺗﺤﻮﻳ
ﻪ ﻳﻤﻜѧﻦ  ﺑﺎﻹﺣﺼﺎﺋﻲ وﺟﺪ أﻧ اﻵﻟﻲﺑﻤﻘﺎرﻧﺔ اﻟﻨﻤﻮذج . ﻢ اﻟﻤﻌﺮوﻓﺔ ﻬﺮ و وﻟ  اﻟﺤﻞ اﻟﺒﻴﺎﻧﻲ ﻟﻤﻌﺎدﻟﺔ واﻧ ﺑﺈﺳﺘﺨﺪام  
  .  اﻟﻄﺒﻴﻌﻴﺔﻮاهﺮﻧﻤﻮذج ﻣﺒﻨﻲ ﻋﻠﻰ ﺗﻔﺴﻴﺮ اﻟﻈاﻟﺤﺼﻮل ﻟﻨﻤﻮذج إﺣﺼﺎﺋﻲ و ﻣﻦ ﺛﻢ إﻟﻰ 
 و ﺗﺤѧﺴﻴﻦ ﺗѧﺼﻤﻴﻢ  اﻟﻨﻤﻮذج، ﻳﻤﻜﻦ إﺳﺘﻌﻤﺎﻟﻪ ﻟﺰﻳﺎدة آﻔﺎءة اﻟﻤﻌﺎﻟﺠﺔ ﺑﺎﻟﻤﺤﻄﺔ ﺻﺤﺔ ﻣﻦ اﻟﺘﺤﻘﻖﺑﻌﺪ 
ﻋﻠѧﻰ  اﻷآﺒﺮ  ذات اﻟﺘﺄﺛﻴﺮ  ﻓﻲ ﻗﻴﻢ اﻟﻌﻮاﻣﻞ ﺤﻜﻢ و ذﻟﻚ ﺑﺎﻟﺘ ﺎم ﻣﺴﺘﻘﺒًﻼ، ﻣﺤﻄﺎت اﻟﻤﻌﺎﻟﺠﺔ اﻟﺘﻲ ﺗﺘﺒﻨﻰ ﻧﻔﺲ اﻟﻨﻈ 
 ﻣѧﺪى ﺣﻤѧﻀﻴﺔ  ﻗﻴﻤѧﺔ اﻷآѧﺴﺠﻴﻦ اﻟﻤѧﺬاب، ﻃѧﻮل ﺳѧﺎﻋﺎت اﻹﺳѧﻄﺎع اﻟﺸﻤѧﺴﻲ، ﺑﻤѧﺎ أن . ﻧﻮﻋﻴﺔ اﻟﻤﻴﺎﻩ اﻟﻤﻌﺎﻟﺠﺔ 
 ﺑﺎﻟﺘѧѧﺎﻟﻲ أآﺒѧѧﺮ ﺗѧѧﺎﺛﻴﺮ ﻋﻠѧѧﻰ ﻣѧѧﺴﺘﻮى  و–ﻣﻌﺎﻣѧѧﻞ إرﺗﺒѧѧﺎط اﻟﻤѧﺎء، و درﺟѧѧﺔ اﻟﺤѧѧﺮارة هѧѧﻲ اﻟﻌﻮاﻣѧѧﻞ ذات أﻋﻠѧѧﻰ 
آﻔﺎءة ﻤﻜﻦ أن ﻳﺆدي إﻟﻰ اﻟﻮﺻﻮل ﻷﻓﻀﻞ ﻳﻬﺎ ﺑ ﺤﻜﻢ ﻓﺈن اﻟﺘ –  ﻗﻴﻤﺔ ﻗﻞ اﻟﺘﻲ ﺗﻤﺘﻠﻚ ﻣﻌﺎﻣًﻼ أ اﻟﻤﻌﺎﻟﺠﺔ ﻣﻦ ﺗﻠﻚ 
إزاﻟѧﺔ ﻃﺒﻘѧﺔ اﻟﺰﺑѧﺪ ﻋѧﻦ : ﻳﻤﻜﻦ اﻟﺘﻮﺻﻞ إﻟﻴﻬﺎ ﻣѧﻦ اﻟﻤﺤﻄѧﺔ و ذﻟѧﻚ ﺑﺈﺗﺒѧﺎع وﺳѧﺎﺋﻞ ﺑѧﺴﻴﻄﺔ و ﻏﻴѧﺮ ﻣﻜﻠﻔѧﺔ ﻣﺜѧﻞ 
  .ﻄﺤﺎﻟﺐ اﻟﺦ ﺣﺼﺪ اﻟ، ﺧﺰاﻧﺎت اﻟﻤﻌﺎدﻟﺔ، ﺳﻄﺢ اﻟﺒﺮك
 ﺳﺒﻞ رﻓﻊ آﻔﺎءﺗﻬﺎ ﻟѧﻴﺲ ﺷѧﺬوذًا و وﺟﺪ أن ﺔ ﺗﻜﺎﻟﻴﻔﻬﺎ، ﺑﺴﺎﻃﺘﻬﺎ و ﻗﻠ ﻤﻌﺮوف ﻋﻦ ﺑﺮك اﻟﺘﺜﺒﻴﺖ اﻟ ﻣﻦ
اﻟѧﺬي ﺳѧﻴﻨﺘﺞ ﻣѧﻦ  ﻟﺤﺴﺎب ﻣﺪى اﻟﺘﺤѧﺴﻦ  أهﻤﻴﺔ آﺒﺮى واﻟﺒﺤﻮث ذ   و إﺟﺮاء اﻹﺧﺘﺒﺎرات و ﻟﻜﻦ  . ﻋﻦ اﻟﻘﺎﻋﺪة 
  . أﺟﺮاء اﻟﺘﻌﺪﻳﻼت اﻟﻤﻘﺘﺮﺣﺔ ﺑﻬﺬا اﻟﺒﺤﺚ
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ABSTRACT 
Khartoum's State has two public wastewater treatment plants, of which only 
one is purely waste stabilization ponds system, i.e. Soba treatment plant. As most 
researches have proved, the removal rates of the plant is no satisfactory, especially 
coliforms'. However, most of these studies are concerned with the redesign of the 
plant or replacing it with a new one, while only a few discuss the factors affecting the 
treatment process or how to remedy its imperfections.  
As proper analysis and environmental control can improve almost all 
wastewater biological treatments; this study basically aims to decide the cause /effect 
relationship of the removal rates of organic and suspended solid loads with some of 
the most important environmental conditions, in addition to major constituents' 
concentrations in the wastewater. This relation can be used to enhance the removal 
rates of the ponds' system. As the removal efficiency for suspended solids had 
dropped to as low as 60%, while BOD removal stays above 75% most of the time, 
compared to the 80% TSS and 85% BOD design removal; the treatment is in 
desperate need for modification.  
Based on the effluent/ influent concentrations for a period of 73 months' 
averages, the relation is expressed as statistically derived equations (deterministic 
model) using multiple regression analysis, while the strength of it is measured using 
correlation coefficients and ANOVA tables technique. After eliminating outlier 
points, the model was drawn with ±95% confidence interval to check its reliability.  
For further confirmation of the soundness of the stochastic model, it was 
converted into a mechanistic /phenomenological model using Thirumurthi graphical 
solution of the well known Wehner & Wilhem equation. The resulting model was 
compared with the old model and the results were satisfactory in accordance to 
approach and precision.  
After the compatibility of the two models is proved, it can be used to improve 
the performance of the plant by controlling the predominating factors on the treatment 
to improve the effluent's quality, in addition to improving design of similar plants 
making use of current experience. As sun shine, dissolved oxygen, pH level, and 
temperature are the factors with the higher correlation, and consequently having more 
influence on the quality than the rest of smaller correlation; they can be controlled to 
 v
achieve the maximum possible efficiency of the plant using simple inexpensive 
methods i.e. scum removal, equalization tanks, algal harvesting, etc.  
As the simplicity and inexpensiveness of stabilization ponds technique is well 
known, the remediation and quality enhancement has been proven to be no exception. 
However, researches and experimental work is of major importance in order to find 
the extent of improvement achieved from the recommended alterations.  
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CH 1                                             Introduction 
 2
1.1 Wastewater Biological Treatment: 
Sewage is the wastewater of a community. It is either purely domestic or 
containing some industrial and/or agricultural wastewater as well. Domestic sewage is 
composed of human body waste and sullage – that is the water resulting from personal 
washing, laundry, food preparation, and cleaning of kitchen utilities. Sewage is 99.9% 
water and 0.1% solids, which are either inorganic solids like grit, metals, and salts, or 
organic – forming 70% of solids – like proteins, carbohydrates, and fats. Fortunately, 
the organic compound of the wastewater, particularly protein and carbohydrates, 
forms an excellent diet for the saprophytic bacteria naturally existing in human's body 
waste, especially Bacilli group. These heterotrophic – i.e. organic feeding – bacteria 
are used by sanitary engineers to oxidize wastes biologically because they are self-
maintaining, self-adjusting chemical reactors that does the work at a lower cost than 
can man with chemicals. Fundamentally, biological treatment imitates the self-
purification process to stabilize dissolved and colloidal carbonaceous organic matter 
into biological flocks of bacterial and algal cells, in addition to inorganic matter that 
are removable by settling. 
The principal objective of any biological treatment is to stabilize the organic 
matter then coagulate and remove the non settleable colloidal solids found in the 
wastewater. Stabilization is the biological process by which the organic matter is 
biologically converted into various gases, inorganic compounds, and cell tissues by 
bacterial action.  
1.2 Sanitation in Sudan: 
The UNESCO estimated that one quarter of the world's population has no 
access to clean water, while a little less than one half has no proper sanitation; sadly 
the majority of these inhabitants are in Africa1. Sudan proved to be no exception; in 
fact less than 7% of our capital's population is served by a sewerage system [17], 
while the rest of the city and the other states depend on on-site systems. The most 
popular systems and their locations are shown below. 
1.2.1 Pit Latrines: serving the majority of the capital's and almost all the 
other states' population, it is the most used sanitation facility in Sudan. It basically 
consist of a shallow pit, floor slab, a super structure - that varies in shape and building 
material depending on the owner's budget – and in some cases a ventilation pipe. All 
                                                 
1 www.unesco.org/water/wwap/facts_figures/basic_needs.shtml , Aug. 2005. 
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households that are not served by the public network or other more expensive facility 
are using pit-latrines as their sanitation mean. 
1.2.2 Septic Tank: a rectangular concrete tank, divided into two or three 
compartments that effluent, most commonly in Sudan, is disposed to a deep well or in 
some cases a cesspool. Due to its high initial and running cost, septic tank is located 
in the wealthier households in the capital – that are not connected to the sewerage 
system - and the big cities.  
1.2.3 Aqua Privy: very rarely used in the country. It is similar to septic tank 
system in process and disposal except that the tank is one compartment, with 
minimum10cm water seal, that receives water closet's waste only.  
1.2.4 Khartoum State Sewerage: the state has two separate sewerage 
networks and treatment plants, Khartoum's and Khartoum north's. Although both 
plants adopt stabilization ponds system, there are some differences between them. 
Description of both systems is as follows:   
1.2.4.1 Khartoum North Sewerage: constructed between 1969~1974, it 
serves limited part of Omer Al-Mokhtar locality and around 300 factories. The first 
phase of the project was connecting the existing industrial area, the other two phases 
were supposed to be connecting all resent and future residential area while keeping up 
with the growing industrial area. Implementation of those phases was postponed until 
1975 when only a small portion of the scheme was executed. The rest of the plan is 
not completely executed to the preset date.  
The 24 Km network consist of asbestos lined pipes of 8 to 32 inches diameter, 
360 manholes, and two pumping stations. Wastewater is conveyed through two 7 Km 
long lines of 16 and 18 inches diameters by a third pumping station to the treatment 
plant. Officially started in October 21st 1971, Wad Dafe'a plant receives 6MGD 
average flow that under goes self-purification system. The plant consists of: 
• Bar screens (two) 
• Aerated grit chamber (one) 
• Clarifiers (two) 
• Sludge digester (two) 
• Anaerobic ponds (four) 
• Facultative ponds (four) 
• Maturation ponds (two) 
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• A pump that was supposed to send the effluent to Kuko agricultural 
scheme. 
Since the main station infrastructure's crack in 1985, the pumps had sunken 
and the proper treatment stopped. In spite of the 1992 rehabilitation attempt, the 
wastewater now is still pumped into earthen evaporation reservoirs, after passing the 
screens [41]. The evaporation /storage reservoir, located west to the stabilization 
ponds, produces an effluent of 45~50% TSS and BOD removal [19]. Fig1.1 shows the 
general layout of Wad Dafe'a station.  
In the mean time an activated sludge plant is under construction, north to the 
old plant, with 70% of its construction works finished. The new plant is supposed to 
overcome the old one's inefficiencies and produce a more convenient effluent quality 
(less than 10 mg/l BOD and 20 mg/l TSS).  
  
 
Fig. 1.1 Wad Dafe'a Plant  
 
1.2.4.2 Khartoum Sewerage: constructed by the mid 1950s then extended 
between 1960~63 with 30 years design age and 3.2 MGD capacity. The 168 Km long 
150 ~700 mm diameter asbestos pipes with 1861 manholes and 16 pumping stations, 
collects wastewater from the area between Nile avenue at the north to El-Amarat on 
the southern end, and from Khartoum exhibition on east to the old industrial region on 
the western end [17].  
 The collected wastes used to be carried to Al-Gouse treatment plant, where it 
undergoes a biological filtration process then used to irrigate the green-belt. Al-Gouze 
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plant was designed in 1951 for preliminary treatment and primary sedimentation, 
constructed in 1957 and officially opened in 1959 with design capacity of 3.2 MGD. 
The system used to serve a population of 80,000 located in the commercial center of 
Khartoum and around Burri thermal power station. Between 1960~63 El-Amarat was 
added to the served area and the plant was supplied with biological filters. In this 
stage the plant consisted of: 
• Preliminary unit of three grit chambers with horizontal bar screens. 
• Primary sedimentation unit of four circular tanks. 
• Secondary biological unit of 16 trickling filters. 
• Two sludge digesters. 
• Four humus tanks. 
• 12 drying beds. 
• Pumping station for recirculation and effluent disposal. 
  
Al-Gouse plant suffered many malfunctioning and over loading problems, and 
was replaced by Soba treatment plant, which adopts the stabilization ponds system in 
1990. Soba plant was meant to avoid the old treatment system problems while having 
the same goal and ultimate reuse purpose. More information on the plant is in the 
following chapter.    
 
1.3 Waste Stabilization Ponds, Definition and Types: 
1.3.1 Waste Stabilization Ponds: are an earthen basins or reservoirs, 
engineered and constructed to treat wastewater by biological process commonly 
referred to as "self purification".  Work on ponds started in the 1940s leading to the 
development of wastewater treatment ponds as low-cost alternate technology that is 
primarily used for small rural communities and the treatment of municipal and 
industrial wastewater, which is biologically amendable, either alone or with other 
wastewater treatment systems.  
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Wastewater stabilization ponds range in depth from shallow to deep, and are 
often categorized as aerobic, anaerobic, or facultative by their dissolved oxygen 
concentration status and the source of that oxygen for bacterial assimilation of 
wastewater organics i.e. nature of biological activity, and hence type of resident 
bacteria.   
1.3.2 Anaerobic Pond: characterized by higher depth, relatively high organic 
load, and absence of dissolved oxygen; this pond is essentially an open septic tank for 
solids settlement and digestion. The characteristics of wastewater to be subjected to 
anaerobic treatment are high organic strength particularly in proteins and fats, 
relatively high temperature, freedom from toxic materials, and sufficient biological 
nutrients. Usually these ponds are anaerobic throughout their depth, except for an 
extremely shallow zone. Anaerobic treatment is carried out by wide variety of 
bacteria divided into two groups, acid formers and methane formers. These two 
groups must operate cooperatively to ensure that the organic carbon is converted to 
methane. The few algae that grow in the pond are often dark red or purple, rather than 
green, in addition to the growth of the colored anaerobic photosynthetic bacteria.  
Most of the suspended solids will settle to the pond’s bottom undergoing 
anaerobic decomposition releasing gases, primarily carbon dioxide, methane, and 
hydrogen sulfide. However, sludge accumulation causes reduction in pond’s 
performance as a result of reducing its volume, unless it is removed periodically. 
Sludge accumulation rates differs from community to another, but can be estimated at 
40 liter per person per year [16]. Some of the pathogenic agents are also removed, and 
around 40~60% of BOD depending on temperature and retention time; although, 
under optimum conditions BOD removal efficiency can be raised up to 85% [12].      
The main advantages of anaerobic treatment compared with an aerobic process 
are the ability to handle high-strength wastes, low production of waste sludge, low 
nutrient requirement, methane production, and no need for aeration equipment. The 
disadvantages are that incomplete stabilization which requires a second-stage aerobic 
process, potential odor production, and relatively high temperature for anaerobic 
decomposition. Usually anaerobic ponds are used in series with aerobic ponds to 
provide complete the treatment. 
1.3.3 Facultative Pond: is a combination anaerobic and aerobic processes, it 
consists of three zones each with different type of microorganisms. Top aerobic zone 
with aerobic bacteria and algae in a symbiotic relationship; i.e. algae produces oxygen 
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during the day while bacteria uses it and produce inorganic by-products, such as 
ammonia and phosphate, which are nutrients required for algal growth. Anaerobic 
bottom layer in which accumulated solids and dead algae cells that settles to the 
bottom are decomposed by anaerobic bacteria, and a partly aerobic partly anaerobic 
(facultative) intermediate zone in which organics are decomposed by the action of 
facultative bacteria.  
Facultative ponds are relatively shallow in depth, with aerobic condition 
predominates during sunshine hours as well as for some hours of the night. In the few 
remaining night hours, the upper layers of pond may or may not be aerobic, but the 
bottom layer is anaerobic all the time. In the middle, conditions may be aerobic in the 
day time and anaerobic during night, and facultative bacteria tends to predominate. 
Fig.1.2 demonstrates those layers. 
Though it is the most common used type, facultative ponds are of vagarious 
nature. Its design equations and effluent quality are developed from field experience, 
due to there unpredictable behavior and response to environmental conditions.  
 
 
Fig. 1.2: Facultative Pond Layers2. 
1.3.4 Maturation Pond: an aerobic, low rate tertiary stabilization pond whose 
prime function is to eliminate pathogenic agents from a treated effluent by 
encouraging higher forms of life to predate on it and higher pH level. Aerobic 
throughout its shallow depth, maturation pond is capable of entire stabilization of 
                                                 
2From www.leeds.ac.uk/civil/ceri/water/ukponds/publicat/thesis/shilton.pdf . 
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wastewater through photosynthetic-symbiotic relationship between algae and aerobic 
bacteria.  
1.4 Use of Ponds in Hot Climates:  
The technology of wastewater treatment in hot climate is very different to that 
used in temperate climates, as land requirement an availability of sun light are much 
higher [20]. Advantage must be taken of the high ambient temperatures and due 
acknowledgment given to the need to minimize both cost and maintenance 
requirements, but some of the advantages of this kind of treatment are disadvantages 
in temperate climates.  
1.4.1 The Advantages of Ponds:  
i. Low capital cost.  
ii. Compatibility with land and aquatic treatment processes.  
iii. Minimum operative skills and maintenance requirement.  
iv. Ability to withstand both organic and hydraulic shock loads.  
v. Easy to design, redesign, and construct.  
vi. High pathogen removal (less than 5000FC/100ml compared to the 
500,000FC/100ml for conventional methods).  
vii. Algae production can be used for aquaculture. 
1.4.2 The Disadvantages of Waste Stabilization Ponds: 
i. Large area requirement.  
ii. Odor and insect breeding, especially in the anaerobic ponds.  
iii. Potential soil and ground water pollution.  
iv. High algae population may be generated, which can be problematic for surface 
discharge.  
Stabilization ponds are low-mass biological reactors, where soluble BOD is 
reduced by oxidation and sedimentation. They are the simplest, inexpensive process 
by which man attempts to stabilize biodegradable matter contained in wastewater, by 
creating conditions favorable for the natural processes of purification, where the 
forces of nature such as sunshine, wind, temperature, and spontaneous plant and 
animal live are allowed to act upon the wastewater.  
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1.5 Objectives and Study Layout: 
Because of the changing characteristics of the wastewater, researches on its 
treat-ability are increasing, especially with reference to the treatment of specific 
constituents. Such researches are important when a new treatment processes is being 
considered or an old one is evaluated. Important factors in process selection and 
design are treatment plant performance and reliability in meeting the permit 
requirements, reliability having a special importance when reuse application is 
considered. The changing quality of effluent characteristics results from the variation 
of loadings, changing environmental conditions, new industrial discharges, and 
increases in influent i.e. the number of served population.  
This study is concerned with enhancing the treatment in waste stabilization 
ponds, taking Soba treatment plant as an example to achieve the following:  
i. Analyze the plant performance data statically in order to identify the 
operational control variables. 
ii. Develop a statistically driven deterministic model to be used in operational 
control and future design of similar plants. 
iii. Interpret the results of the deterministic model using mechanistic 
(phenomenological) model and assess the accuracy of prediction of the first 
model. 
In this study, the environmental conditions and wastewater characteristics that 
can be used to improve the quality of the stabilization ponds' effluent – for this 
particular plant or any other one with the same process – were determined by means 
of controlling the factors with higher impact on the efficiency of the treatment.  
The sequence of the approach is to use the monthly average effluent /influent 
characteristics of the plant and local environmental conditions (Data) to predict a 
statically based relation (Deterministic model) with maximum possible coefficient of 
determination (Analysis), and convert it to phenomenological expression 
(Mechanistic Model), which ultimately gives a clear idea the environmental factors 
and /or wastewater characteristics that can be controlled in order to enhance the 
treatment's efficiency (Conclusion). In other words:  
Problem (plant performance) => Data (constituent's behavior) => Analysis => 
Model (deterministic) => Analysis => Model (mechanistic) => Conclusions 
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These steps are further detailed in the following chapters as follows: the 
stabilization ponds' system used in Sudan detailed description is found in Chapter II. 
In Chapter III measurement of data is described for environmental conditions and the 
effluent /influent concentrations of some of the most influential factors considered, in 
addition to multiple regression analysis and correlation techniques used in analysis. 
The meaning and effect in performance of the operational control factors represented 
in each equation of the resulting model is explained in Chapter IV, while the ANOVA 
tables showing the strength of the regression equation with each added variable in 
Appendix E.  
Finding a statistically significant association in a particular study, no mater 
how well done, dose not establishes a causal relationship. Therefore, the mathematical 
(deterministic) model is converted to a mechanistic model (Chapter V) that is 
compatible with the previous one. In Chapter VI is the recommendations and 
conclusion to maintain and preserve a better performance.   
 
 
 
 
 
 
CHAPTER II 
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2.1 Soba Treatment Plant. 
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2.1 Soba Treatment Plant: 
Soba treatment plant was proposed in the 1970’s to replace Al-Gouze plant. 
The old treatment plants had many problems, operational and over loading ones. 
Electricity dependency and lack of spare parts affects the treatment operation 
adversely, in addition to excess influent over- flows to the White Nile untreated. Al-
Gouze treatment plant was out of order and a new treatment plant, Soba, was 
constructed in the early 80s. The new plant that adapts self-purification system with 
22 MGD capacity was proposed to avoid Al-Gouze problems. The old treatment plant 
was transferred to a pumping station. Since the proposed location south to the green 
belt belongs to the University of Khartoum; the plant was constructed within the 
green belt south to railroad line, Fig 2.1, on condition that it will be relocated after 10 
years of construction [18]. The plant was expected to start with 4.5 MGD, and then 
gradually increase to its total capacity. At the beginning, the pond system did not 
operate properly and the ponds were not filled with water; Soba is in operation since 
1992, after completion of its rehabilitation. 
The new treatment plant consists of preliminary units, three types of 
stabilization ponds and effluent disposal channel. The description of these units is as 
follows.  
2.1.1 Lift Pump Station: consists of two sumerged, one dry, and two stand by 
spare pumps.  Each pump of 12m head and 1443.6m3/hr pumping capacity.  
2.1.2 Hand Racking Fine Screens: sewage runs through two units of 60o 
inclined screen bars of 20mm spacing to remove scraps of papers, clothing, and 
plastics. Screens are manually cleaned evry day and the screenings are disposed by 
burning. 
2.1.3 Grit Chamber: before entering the ponds, the velocity of raw sewerage 
is dropped – by means of enlarging its path in to0.3 m/sec. Due to velocity drop the 
larger inorganic particles settle and removed afterwards, once evry 10 ~15 days. The 
removed grits are used as embankmenting material.     
The raw sewage is then divided between two identical trains of ponds, each 
consists of : 
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Fig. 2.1 Location of Soba Waste Stabilization Ponds. 
 
  
 
Fig. 2.2 Anaerobic Ponds. 
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2.1.4 Anaerobic Ponds: a twin ponds in parrallel, in which wastewater enters 
through three gates to maintain thorough mixing. Each pond is designed to recive 0.25 
Kg/m3/day volumetric BOD load, influnt quality of 300 and 350 mg/l BOD and 
suspended solids respectively, and to remove 70% of suspended solids and 50% of 
BOD in its 3.3 days retention time.  
The ponds need desludging when half full, that is evry other year. However 
this is not the case in Soba, the anarobic ponds was not desludged since 1992 and the 
flow rate - that has only been estimated since October 2004 - ecceeds the design 
capacity of the system [40]. These reasons combined has adversaly affected the 
retention time. One of the eastrn train’s ponds was resently emptied, but no 
calculation of the sludge volume is made, nor it was emptied, Fig. 2.2. Moreover, the 
pond's water turns from the normal greyish to reddish-brown color when the taning 
factories are in operation. Anaerobic ponds also sufers from odors generation, weed 
and insect preeding. 
2.1.5 Facultative Pond: one 240m * 875m rectangular basin of 3m deep that 
recieves the effluent of both anaerobic ponds. Wastewater was desigened to enter the 
pond with 340 Km/ha/day surface BOD load and stays for 14 days. Since the 
discharge in the begining of the plant operation was less than the design, the east trian 
pond used to had lower water depth. Therfore, the east facultative pond formed an 
island of sludge in its center which decreases it vloume, and consequently its retention 
time and effeciency. Also the premenant scum presence is a poblem, as it reduces sun 
light penteration which decrease algal photosynthesis. The pond has no odor problem 
and its water is green all year long, Fig. 2.3. 
2.1.6 Maturation (Aerobic) Pond: a 220m * 240m, 1.2m deep polishing, 
purely aerobic in which wastewater is designed to stay for 4.0 days. The pond 
contains a algae cells, aerobic bacteria, different kinds of microorganisms, fisheries 
and birds that makes complete food chain. The sole function of the maturation pond is 
to eliminate numbers of pathogen, it was designed to reduce the coliform count from 
2*107 to 4,400 FC/100ml. However, the ocational tests on the system's effluent shows 
much more higher concetnrations - up to 2 log units [18].  
2.1.7 Disposal Channel: sewage treated at Soba plant, is planned for forest 
irrigation (Green Belt). An open disposal channel carries the effluent of the 
maturation ponds to the Green Belt north west of the plant, Fig. 2.4.  
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Fig. 2.3 Facultative Ponds' Sludge and Scum Layers. 
 
 
 
 
 
Fig. 2.4 Maturation Ponds and Disposal Channel. 
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Due to residential growth, the green belt’s area had decreased in the last few 
years. This has affected the disposal system severely. The 700 fedan, which has been 
suspended for disposal, has decreased to 200 fedan only. The rest of effluent goes to 
El-Yarmok to be used in construction works and landscape irrigation.  
The effluent of the plant contains algea cells, some pathogenic 
microorganisms, various metals – including chromium - from the industrial waste and 
high content of nitrogen and phosphorous, in addition to the residue of organic 
materials and solids [18]. Appendix C contains the quality of plant's influent and 
effluent in addition to some of the local environmental conditions.  
2.2 Previous Work on Soba Plant: 
Not many researches were carried on the effects of the environmental factors 
on Soba's plant performance, most were on ponds design and reuse of the systems' 
effluent. However, some studies in factors – including environmental – affecting 
design and performance of the ponds system are of relevance to this research, some of 
those are: 
2.2.1 Study of Performance and Nutrient's Concentration in Khartoum 
Waste Stabilization Ponds [20]: This MSc thesis is concerned with the relationship 
between the strength of the wastewater - taken as BOD, COD, TSS, TDS, and TS, the 
pond system performance - taken as removal of the above factors and fecal 
coliforms’, and the nutrients concentration in the system. The nutrients studied are, 
ammonia, phosphates, and some other factors such as pH, temperature and retention 
time. The sole purpose of this thesis is to improve the quality of treatment by 
controlling nutrients' content or – in later step – redesign the plant.  
2.2.2 The Influence of Some Parameters on Pond Design [24]: The MSc 
concentrates on solar energy, dissolved oxygen, photosynthesis, nutrients, 
temperature, organic load, depth, detention time, sludge accumulation, removal rate 
constant, mixing characteristics, hydraulic flow pattern, pH, heavy metals and 
toxicity, thermal stratification, and oxidation reduction potential as factor affecting 
ponds' system performance. The effects and interaction of these parameters on pond 
design, and thus their expected performance, are discussed in details.  
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2.2.3 The Performance of Waste Stabilization Ponds on Hot Climates, 
With Reference to Sudan [18]: This study analyzes the influent and effluent of Soba 
treatment plant in order to compare the actual performance with the design criteria. 
The main parameters under analysis here are BOD, COD, and TSS; some other 
important factors are also measured such as pH, air and water temperature, ammonia-
nitrogen, dissolved oxygen, and fecal coliforms count. The study concluded that plant 
performance was satisfactory at the time, except for a slight increase in coliforms’ 
count.  
2.2.4 Diagnosis Modeling of a Water Treatment Plant (Computer Model) 
[22]: This BSc complementary research analyzed the behavior of the wastewater 
treated in Soba stabilization ponds in order to formulate a mechanistic model based on 
non-ideal plug flow reactor assumption. The model was converted to computer 
program using C+ language for further generalization.   
2.2.5 Computer Aided Sewage Treatment Process Analysis [21]: The MSc 
tries to predict the plant's deterministic model – focusing on anaerobic and facultative 
ponds – with the purpose of improving the quality of treatment. Multiple regression 
analysis and correlation techniques are used to formulate the BOD equation, using 
COD, TSS, DO, air temperature (AT), etc as independent variables. The resulting 
equations and their corresponding coefficient of determinations are: 
All system BOD = 4.032 + 1.746 AT – 6.6965 DO + 0.1917 TSS + 0.2244 
COD – 7.323 Ph + 0.4725 NH3-                                        (2-1) 
R2 = 66.95% 
Influent BOD = -145.704 + 8.225 AT + 0.1681 COD                                 (2-2) 
R2 = 30.21% 
Anaerobic pond BOD = -188.245 + 3.7611 AT + 0.4301 TSS + 0.2318 COD + 
1.6304 NH3- + 12.4617 NO3-                                    (2-3) 
R2 = 47.914% 
Facultative pond BOD = 74.5677– 4.9918 DO – 2.266 pH +    0.049 TSS – 
0.1105 COD + 1.789 NO3-                                             (2-4) 
R2 = 35.31% 
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Where   NO3- = concentration of nitrates in water.  
              NH3- = concentration of ammonia in water. 
The analysis procedure adapted in this thesis along with the formulated 
models is detailed in the following chapters.  
2.3 Summary 
Because most of studies and researches concentrate on new plants’ design, 
there is a scarcity of performance enhancement researches. The operation controlling 
variables were taken as a matter of fact from the literature, without taking the 
distinctive operational and local environmental conditions into consideration. 
Determination of constituents’ behavior and its magnitude on removal rates has never 
been considered, nor is phenomenology explanation. This thesis is an attempt to fill 
this deficiency, as to formulating a defensible well defined statistically based 
deterministic model with clearly physically explained parameters. The achieved 
results can be used to improve the performance of any plant – under the same local 
conditions – that uses similar treatment process and /or predict the outcome from any 
future one. This approach will – hopefully – contribute to the understanding of waste 
stabilization ponds’ behavior and response to loading conditions.  
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Part One: 
Data Collection & Categorizing 
 
 
3.1 Collection and Measurement Procedure. 
3.2 Data Categorization and Estimations.    
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3.1 Collection and Measurement Procedure: 
Since wastewater strength is controlled by its suspended solids, biodegradable 
and total organic contents; the most important factors to be measured are:  
biochemical oxygen demand (BOD), chemical oxygen demand (COD), and total 
suspended solids (TSS). However, there are other factors that affect those major ones 
such as pH level, weather conditions, amount of available dissolved oxygen (DO), 
sludge accumulation rates and desludging intervals, amount influent discharge and its 
fluctuations, etc.  
Proper sampling and analytical techniques are of fundamental importance in 
the characterization of wastewater. Data obtained should be representative, 
reproducible, defendable, and useful. In the case of Soba, grab samples are collected 
by the "Constructeral and Environmental Lab Center" staff from each treatment stage, 
normally twice a week between 8:00 ~ 8:30 am, in glass bottles to be tested the same 
day. The chemical – physical parameters measured on regular basis are: BOD, COD, 
TSS, pH, temperature, daily sunshine level, DO, and the percentage removal of BOD 
and TSS. Monthly average concentrations are calculated as the statistical mean of 
seven or eight test results. Testing procedure adopted is detailed below [1].  
3.1.1 Chemical Oxygen Demand: is the amount of oxygen required to 
oxidize all the organic materials by chemical means. COD is important in industrial 
and mixed wastewater studies, and measured as follows:  
- Mercuric sulphate was added to two spherical reflux flasks, 0.4 gm each. 
- 20 ml of distilled water was pored in one flask to be the blank, to the other 20 
ml of the wastewater sample was added. 
- To each 10 ml of potassium dichromate (0.25 N) then glass beads were added 
to each flask, and the solution was mixed thoroughly. 
- 30 ml of concentrated sulfuric acid containing silver sulphate (5.5 gm silver 
sulphate in 1.0 Kg sulphuric acid) was added carefully to both flasks.   
- The flasks were then refluxed for 2 hours, cooled down, and then condensers 
were washed with approximately 25 ml distilled water. 
- The content of each flask is then diluted to a 100~140 ml volume and let cool 
to room temperature. 
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- The excess potassium dichromate was then titrated with ferric ammonium 
sulphate FAS (0.25 N) using 2~3 drops of ferrion indicator, to a reddish brown 
color end point. 
COD mg/l = 0.25*8000[A-B]/C                                                    (3-1) 
Where: 
A = volume of FAS used to titrate the blank solution. 
B = volume of FAS used to titrate the sample solution. 
C = volume of sample. 
 
3.1.2 Biochemical Oxygen Demand: is the amount of oxygen required to 
oxidize the bio-degradable organic material by aerobic bacterial action. It's an 
important indication of the amount of organic matter in the sample. The magnitude of 
the demand depends upon the organic matter present, while the rate at which the 
demand is satisfied depends upon the temperature and the remaining demand; it is 
proportional to the remaining unoxidized substance measured in terms of 
oxidizibility. Demand is measured at 20oC in 5 days (BOD520), and is usually 
constitutes 40~60% of COD for domestic wastewaters. However this value changes 
when industrial wastes are included. Test procedure is as follows:   
 - Makeup BOD dilution water by adding to each liter of air-saturated distilled 
water: 
            * 2 ml ferric chloride solution (0.25 gm FeCl3.6H2O /liter) 
            * 2 ml calcium chloride solution (36.6 gm CaCl2.2H2O /liter)                                   
            * 2 ml magnesium sulphate solution (22.5 gm MgSO4/liter)  
            *2ml phosphate buffer (8.5 gm KH2PO4, 21.75 gm K2PHO4, 33.4 gm               
NaPO4.7H2O, plus1.7 gm NH4Cl in 100 ml distilled water) 
-  Bring the sample to 20 ºC and the distilled water was aerated for 1~2 hours. 
-  Place the desired volume of sample in 1000 ml graduated cylinder and fill with 
dilution water. 
-   Determine the initial dissolved oxygen in the diluted sample. 
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-   Transfer the diluted sample into BOD bottle. 
-  Incubate the BOD bottle full of diluted sample for 5 days at 20ºC.  
-  Determine initial and final DO. 
 BOD520 mg/l = (DO1 – DO2)/P                                                        (3-2) 
Where: 
            DO1 = initial dissolved oxygen of the diluted wastewater sample. 
            DO2 = final dissolved oxygen of the diluted wastewater sample. 
            P = decimal fraction of the wastewater used. 
3.1.3 Dissolved Oxygen: is the amount of aqueous oxygen dissolved in water. 
DO is measured as follows:  
 
- To a sample of 250 ml, 2 ml manganese sulphate solution (400 ml 
MnSO4.2H2O in 1.0 liter distilled water) was added. 
- 2 ml of azide solution was added (10 gm of sodium azide, 480 gm sodium 
hydroxide, and 750 gm sodium iodide in 500 ml distilled water). 
- After precipitation, 2 ml of concentrated sulphuric acid was added. 
- Sample was titrated with sodium thiosulphate solution (0.25 N) 
- Titration was continued for a short period, until a pale straw color appeasers, 
then 2~3 drops of starch indicator (2 gm soluble starch and 0.2 gm salicylic 
acid) was added. 
- Titration continued till the color changes to blue. 
DO in mg/l = volume of thiosulphate used in titration. 
 3.1.4 Total Suspended Solids: solids of sewage are in solution and 
suspension and include both organic and inorganic matter. Total solids include both 
the suspended and dissolved solids; each of these is divided to volatile and non-
volatile. Suspended solids are those which can be filtered out on an asbestos fiber. 
Dissolved solids are those which pass the filtration process, since they include the 
mineral salts of the original water supply, they tend to vary in amount in different 
sewages. The test for total suspended solids is carried out as follows:   
- A dry 1.0 µm pore sized filter paper was weighed.  
- 100 ml of wastewater sample was filtered using a vacuum pump through the 
filter paper. 
- The filter paper was dried in a 105o C oven for 1 hour. 
- The filter paper was weighed again. 
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TSS = (W2 – W1)/ V                                                                   (3-3) 
Where:  
W1 = initial weight of filter paper in mg.  
W2 = final weight of filter paper in mg. 
V = volume of sample in ml. 
Air temperature was directly measured on site using a thermometer, pH level 
was measured by "pH 210, Hanna Instruments" pH meter, sun shine hours were 
estimated, and precipitation is recorded by the "Sudanese Weather Metrological 
Organization". The monthly average characteristic's values of Soba treatment plant's 
wastewater are in tabulated Appendix C.  
3.2 Data Categorization and Estimations:  
The monthly average tested values are divided into three seasons; summer, 
autumn, and winter. Summer season stretches from March to June, autumn from July 
to October, while winter is from November to February. This classification is based 
on monthly average temperature and rainfall3.  
Missing or unmeasured values were estimated by comparing the similar 
month's of other years4, the succeeding and preceding months. Knowing Khartoum 
state latitude (15o North), maximum hourly sunshine where found from Appendix B. 
The actual sunshine hours where estimated as a ratio of the maximum values as 
shown below. 
• 100% for all day sunshine. 
•  90% for high sunshine 
•  80% for moderately high sunshine. 
• 65% for medium sunshine. 
• 55% for low sunshine. 
• 40% for very low sunshine. 
To minimize any error that can be generated during prediction process, 
independent variables where normalized by dividing them by the maximum seasonal 
value of the respective variable, i.e. normalized independent = C /C max  
                                                 
3 www.sudani.co.za/tourism_khartoum.htm  
4 Refer to 3.4 Basic assumptions # ii, pp. 35. 
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Where C = mean monthly value of the independent under question. 
C max = maximum value of the same independent in the season. 
 While BOD, COD, and TSS were taken as a ratio between effluent to influent 
concentrations, i.e. normalized independent = C /Co   
Where C = monthly mean effluent concentration in mg/l of the variable under 
question, and Co = monthly mean influent concentration in mg/l of the same variable. 
Moreover, some of the months were neglected as they contain odd values, e.g. 
unreasonably high DO value (May 1998) and high TSS value of some of autumn 
months twined with high precipitation (August 1998, August 2001, and October 
2003)5. The normalized corrected data are found in tables 3.1, 3.2, and 3.3 
 
                                                 
5 Appendix C, pp.74,81, & 86. 
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Table 3.1 Normalized Summer Data. 
 
Month  BOD  COD  TSS  phi phe do t N p 
4\99 0.107131 0.126972 0.260364 0.961039 0.957207 0.74224 0.825316 0.961538 0 
5\99 0.171831 0.19927 0.256861 0.967532 0.923423 0.71525 0.888608 0.984615 0 
6\99 0.157187 0.225134 0.160284 0.95974 0.826577 0.496626 0.929114 1 1 
3\00 0.133076 0.149698 0.250546 0.94026 0.900901 0.960864 0.924051 0.923077 0 
4\00 0.207359 0.209831 0.255409 0.883117 0.940315 0.931174 0.911392 0.961538 0 
5\00 0.183288 0.247668 0.238664 1 0.990991 1 0.936709 0.984615 0 
6\00 0.152287 0.358118 0.429435 0.954545 1 0.732794 0.967089 1 0 
3\01 0.187045 0.245535 0.179796 0.914286 0.912162 0.728745 0.759494 0.666667 0 
4\01 0.209749 0.371418 0.352423 0.880519 0.894144 0.670715 0.810127 0.641026 0 
5\01 0.196568 0.314452 0.337645 0.925974 0.925676 0.402159 0.936709 0.929915 0 
6\01 0.17204 0.428136 0.434091 0.896104 0.912162 0.431849 0.936709 1 0.980061
3\02 0.152605 0.349515 0.349174 0.935065 0.810811 0.681511 0.734177 0.923077 0 
4\02 0.110622 0.253765 0.251142 0.88961 0.923423 0.690958 0.987342 0.961538 0 
5\02 0.150685 0.38246 0.32899 0.850649 0.822072 0.71525 1 0.984615 0 
6\02 0.133001 0.165172 0.467003 0.844156 0.912162 0.398111 0.987342 1 0 
3\03 0.233021 0.424837 0.349673 0.935065 0.900901 0.580297 0.78481 0.923077 0 
5\03 0.210566 0.356587 0.35302 0.918182 0.904279 0.614035 0.962025 0.984615 0 
6\03 0.206897 0.233731 0.391632 0.987013 0.88964 0.492578 0.886076 0.722222 0.881902
3\04 0.286469 0.328064 0.494505 0.974026 0.931306 0.522267 0.810127 0.820513 0 
4\04 0.194074 0.315724 0.405227 0.948052 0.951577 0.566802 0.835443 0.961538 0 
5\04 0.201059 0.361064 0.246377 0.97013 0.936937 0.506073 0.886076 0.984615 0 
6\04 0.181295 0.314452 0.337645 0.925974 0.923423 0.402159 0.860759 1 0.728528
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Table 3.2 Normalized Autumn Data. 
 
Month BOD COD TSS  phi phe do t N p 
7\97 0.113003 0.113006 0.101806 0.854271 0.914286 0.589849 0.962162 0.888889 0.759202
9\98 0.216231 0.21501 0.264831 0.954774 0.988571 0.794239 0.843243 0.945736 0.42408 
10\98 0.125011 0.119987 0.291513 0.939698 0.948571 0.603567 0.916216 0.914729 0.10602 
7\99 0.155767 0.134108 0.19989 0.933417 0.902857 0.493827 0.918919 1 0.625 
8\99 0.2054 0.212026 0.171185 0.958543 0.921143 0.397805 0.778378 0.976744 1 
9\99 0.158303 0.188971 0.247166 0.957286 0.970286 0.754458 1 0.945736 0.5 
10\99 0.182872 0.186207 0.257106 1 0.869714 0.566529 0.864865 0.914729 0.125 
7\00 0.221046 0.258929 0.244341 0.954774 0.948571 0.521262 0.891892 0.611111 0.345092
8\00 0.192722 0.197281 0.171784 0.922111 0.972571 1 0.77027 0.976744 0.517638
9\00 0.176712 0.211378 0.190698 0.954774 1 0.740741 0.864865 0.945736 0.287577
10\00 0.139594 0.327397 0.261073 0.807789 0.817143 0.855967 0.864865 0.914729 0 
7\01 0.181757 0.411648 0.462948 0.859296 0.909714 0.51166 0.945946 0.611111 0.612538
9\01 0.208826 0.269422 0.272274 0.917085 0.982857 0.744856 1 0.945736 0.490031
10\01 0.205 0.29843 0.330351 0.829146 0.96 0.864198 0.810811 0.914729 0.122508
7\02 0.169074 0.418718 0.444444 0.860553 0.992 0.513032 0.945946 0.666667 0.425613
8\02 0.165869 0.416199 0.232516 0.866834 0.918857 0.514403 0.702703 0.434109 0.63842 
9\02 0.103206 0.277551 0.36796 0.797739 0.925714 0.658436 0.945946 0.893196 0.354678
10\02 0.142997 0.284364 0.361573 0.854271 0.925714 0.507545 0.864865 0.914729 0 
8\03 0.174613 0.361504 0.344689 0.854271 0.937143 0.301783 0.810811 0.705426 0.881902
9\03 0.154453 0.369565 0.419706 0.89196 0.902857 0.315501 0.864865 0.945736 0.440951
7\04 0.169014 0.362396 0.413043 0.883166 0.928 0.390947 0.891892 0.722222 0.45533 
8\04 0.168185 0.335998 0.303922 0.870603 0.958857 0.411523 0.837838 0.976744 0.728528
9\04 0.181609 0.325889 0.387755 0.863065 0.908571 0.367627 0.864865 0.945736 0.364264
10\04 0.178601 0.311139 0.333333 0.875628 0.958857 0.647462 0.864865 0.914729 0.091066
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Table 3.3 Normalized winter Data. 
 
Month BOD  COD TSS phi phe do t N 
11\98 0.17199411 0.17200258 0.27599211 0.95294118 0.88268156 0.97202797 0.85294118 0.86896552
12\98 0.14501299 0.14499411 0.15501235 0.9503268 0.89608939 0.79300699 0.73529412 0.96551724
1\99 0.18442623 0.13320279 0.24623803 0.86013072 0.89944134 1 0.88235294 0.87672414
11\99 0.24231392 0.1391849 0.25330882 0.98300654 0.89944134 0.8027972 0.94117647 0.62758621
12\99 0.17333333 0.17094862 0.20807692 0.95424837 0.93854749 0.79300699 0.76470588 0.62758621
1\00 0.15513052 0.1731726 0.1838806 0.93071895 0.90167598 0.81398601 0.82352941 0.87672414
2\00 0.16785714 0.23879728 0.19117159 0.95424837 0.95083799 0.84755245 0.94117647 0.9 
12\00 0.27439024 0.41224985 0.29112754 0.78823529 0.83910615 0.90629371 0.88235294 0.96551724
1\01 0.1 0.33757716 0.26024723 0.80130719 0.82346369 0.73706294 0.82352941 0.53577586
2\01 0.18214286 0.2511022 0.21168875 0.94117647 0.91620112 0.83076923 0.94117647 0.9 
11\01 0.13366501 0.19452663 0.2926045 0.98039216 0.97206704 0.92587413 0.94117647 0.86896552
12\01 0.16951514 0.37363636 0.23363775 1 1 0.80979021 0.85294118 0.53103448
1\02 0.18393939 0.3825 0.38927739 0.98039216 0.87150838 0.68531469 0.69117647 0.53577586
2\02 0.15499208 0.26586047 0.27666151 0.97385621 0.83798883 0.6993007 0.77352941 0.65 
11\02 0.1972873 0.25634615 0.33858268 0.88888889 0.85139665 0.78601399 0.85294118 0.73275862
12\02 0.14325682 0.24201681 0.28504673 0.94117647 0.8972067 0.81258741 0.73529412 0.53103448
1\03 0.16861538 0.25125 0.38050212 0.92810458 0.91620112 0.68531469 0.85294118 0.77931034
2\03 0.15255511 0.40570125 0.30699965 0.92156863 0.90614525 0.78321678 1 1 
11\03 0.1664225 0.15929094 0.27934959 0.89281046 0.91620112 0.6013986 0.64705882 0.96551724
12\03 0.17610063 0.19299731 0.19988109 0.93071895 0.90391061 0.64335664 0.82352941 0.86896552
1\04 0.22017291 0.51369048 0.36226415 0.91503268 0.90502793 0.5034965 0.92647059 0.87672414
2\04 0.20867111 0.29770968 0.24384477 0.92026144 0.91284916 0.56363636 0.91176471 0.9 
11\04 0.15960563 0.24939286 0.31410256 0.89019608 0.86927374 0.63076923 0.79411765 0.86896552
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Part Two: 
Analysis Methodology 
 
 
3.3 Use of Regression and Correlation.  
3.4 Theory and Practice of Methodology. 
3.5 Basic Assumptions. 
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3.3 Use of Regression and Correlation: 
The concept of regression is one of very few concepts in statistics whose roots 
are clear and unquestionable, first proposed by Galton (1877), modified in Galton 
(1885,1886), extended by Pearson (1894, 1895 &1896) and related to the least-
squares tradition by Yale (1897). The most influential concepts introduced by Galton 
were those of regression and correlation, he also introduced the notion of a regression 
curve in the context of normal populations. However, the modern formulation of 
regression and correlation coefficients are largely due to Pearson, whose contribution 
includes multiple correlation and partial correlation [14].  
Since the main objective of this study is to predict the relation between some 
of the main wastewater characteristics, environmental conditions, and some of the 
effluent /influent major variables; and consequently using it to maintain better 
performance of waste stabilization ponds. Regression analysis offers the most 
attractive statistical choice for such purpose. Some of the situations in which 
regression analysis is appropriate are:  
i. Relationship characterization between the dependant and independent 
variables by determining the extent, direction, and strength of association. 
ii. Prediction of the quantitative equation to describe the dependant variable as a 
function of the independent variables. 
iii.  Determine which of the several independent variables are important and 
which are not, for predicting a dependant variable and determination of the 
best mathematical model describing their relationship. 
iv. Asses the interactive effect of two or more independent variables with regards 
to a dependant variable. 
v. Obtain a valid and precise estimation of regression coefficients.  
 
Some of the terms used in this study are defined and explained below. 
3.3.1 Multiple Least-Square Regression Analysis: most commonly known 
as multiple regression analysis, can be looked upon as an extension of straight-line 
regression analysis with more than one independent involved. Its general purpose is to 
describe the extent, direction, and strength of the relationship between several 
independent variables (X1, X2, X3… Xn) that are classically continuous – but in 
practice any type(s) can be used – and a single continuous dependant variable(Y).  
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In fact, multiple regression analysis is a general technique that can be utilized 
with all kinds of variables in the following linear form:  
Ŷ = β0 + β1 X1 + β2 X2 + β3 X3 ……… βn  Xn                                               (3-4) 
Where Ŷ represents the new modeled value of the dependant variable Y. 
 and β0, β1, β2, β3 …..βn are constants called the "least-square estimates" [13].  
Since least-square estimates are linear functions of the independent Y and 
therefore follows it in its linearity; it is more convenient in this case (multivariate 
data) than minimum-variance approach that determines the best fitting curve. 
Moreover, the least-square regression equation is the unique combination of the 
independent variables that has maximum possible correlation with the dependent 
variable. Least-square estimates are calculated by a matrix found in Appendix D. 
Variables (X1, X2, X3… Xn) selection and procedure adapted in analysis are detailed 
in the next section. 
3.3.2 Correlation: is a measure of the strength of a certain relationship of one 
or more variable with an independent variable, the dimensionless correlation 
coefficient (r) equals the division of covariance by the product of the standard 
deviation of the variables.  
While the value of (r) measures the proportion of total variation in the 
variables that is explained by the regression equation; its square percentage value, 
called the coefficient of determination (R² %), measures the amount of variation 
related to the specific cause under question.  
In other words;  
R2 = (SSY – SSE)/SSY                                                        (3-5)       
Where "SSY" is the sum of squares about the mean, it represents the total 
variation of Y before accounting for the effect of the independent variables. 
While "SSE" is the sum of squares due to error, or the sum of squares about 
regression curve, it measures the amount of variation unexplained left in Y after 
accounting for the effect of the independent variables. 
SSY = ∑(Y- y)2                                                                                            (3-6) 
Where y = mean value of dependant variable Y.  
SSE = ∑(Y- Ŷ)2                                                                                            (3-7) 
The correlation coefficient (r) is an often-used statistical tool that provides a 
measure of how the random variables are associated in a sample in addition to its 
properties that closely related it to regression analysis. The value and sign of it 
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measures the association (statistical independence) between the dependant and 
independent variables, while the value of R2 measures the amount of variation 
explained by the above mentioned relationship. These coefficients are used in this 
study for measuring cause /effect relationship, or the increase in the relation strength 
when a certain variable is introduced to the model, by comparing the increase in R2 
value.   
3.3.3 Outlier: is a rare or unusual observation appearing at one of the 
extremes of the data range; it appears to have been generated from another model. 
Outlier is normally more than five standard deviations away from the mean of the data 
[3]. An outlier among a set of residuals, i.e. the ratio between standard deviation and 
the value of {(Y- Ŷ) - ∑(Y- Ŷ)} – that is the mean of residuals – is much larger than 
the rest in absolute value, laying as many as two or three deviations from the mean of 
the residuals [9]. 
Outlier points, whether detected visually or by calculations, should be 
excluded from the model to give better results.  
3.3.4 Confidence Limits: are intervals estimated from the mean, which are 
expressed in confidence coefficient; 99%, 95%, and 90% are the most used intervals 
in practice. A 95% confidence means that for data collected and their confidence 
intervals computed 95% of those intervals would contain a true mean. The interval 
gives an indication of how much uncertainty there is in our estimate for the mean; the 
more narrow the interval, i.e. higher confidence, the more precise is our estimate. 
3.3.5 Analysis of Variance (ANOVA) Tables: is a comparison technique for 
multiple things (variables) running in the same operation. It is used to compare the 
effects of multiple levels on multiple factors. ANOVA table uses the number of 
independent variable used (k), number of total points under study (n), sum of squares 
about the mean (SSY), sum of squares due to error (SSE), and the degree of freedom 
(df) to calculate the coefficient of determination (R2 %). ANOVA is an important 
technique for deciding the addition or gain of adding a certain independent variable to 
the model.  
The resulting regression and ANOVA tables, with the model value of 
independents Ŷ and corresponding coefficient of determination are found in Appendix 
E. 
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3.4 Theory and Practice of Methodology: 
There are several methods for studying the relationship between variables by 
means of regression analysis, the forward method, the backward method, and 
suggestion from experience or theory. Method choice depends essentially on the type 
of the problem and on the data while the quality of the results often depends on the 
skill of applicator rather than on the particular methodology chosen. The forward 
method, adopted in this study, is the most commonly used one. It begins with a simple 
straight line model then adding more complexity to the model in successive steps, if 
necessary.  
Forward selection procedure steps:  
i. Decide which variables are independent and which is the dependant variable.  
ii. Select the first independent variable to enter the model, which is most highly 
correlated with the dependent variable and then fit the associated straight-line 
regression equation. 
iii. Calculate the coefficient of determination R2% using equations 3-5, 3-6 & 3-7, 
for each remaining independent variable based on a regression equation 
containing that variable and the one initially selected. 
iv. Focus on the variable with the largest R2% value. 
v. Add the new variable to the regression equation (equation 3-4). Otherwise, use 
in the model only the variable added in step (i). 
vi. At each subsequent step, determine the R2% coefficients for those variables 
not yet in the model and then add to the model that variable which has the 
largest R2%.  
vii. Stop when all variables are included, or the R2% is not significantly increased.  
 
This process was applied for BOD, COD, and TSS as dependant variable "Y" 
each at a time and other parameters, including multiplications of independents, as 
independents. Fig 3.1 represents a flow diagram for the above mentioned method. 
  Before the final model is presented, odd and unreasonable values should be 
omitted. After eliminating outliers, the coefficient of determination should be 
recalculated, for all variables included in step (vii), to obtain the refined regression 
equation.  
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Figure 3.1 Flow Diagram of The Forward Method. 
 
3.5 Basic Assumptions: 
To enable the use the past mentioned statistical tools, some criteria should be 
assumed first. Adapted assumptions in this particular case are listed below:  
i. The two ponds' trains are identical and subjected to similar loading conditions. 
ii. Weather conditions are relatively similar for the same month of the year. 
iii. Samples tested are not random and representative of the wastewater quality in 
the pond. 
iv. Data resulting from the tests' results are normal6, independent, and identically 
distributed (NIID). 
                                                 
6 If the normality assumption is not badly violated, the conclusions reached by a regression 
analysis in which normality is assumed will generally be reliable and accurate [9]. 
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v. For each specific combination of values of the independent variables Y is a 
random variable with a certain probability distribution having finite mean and 
variance (existence). 
vi. The mean value of Y for each specific combination of independents is a linear 
function of those independents (linearity). 
vii. The variance of Y is the same for any combination of independent variables 
(homoscedasticity).  
viii. Sludge accumulation rate equal 0.4 m3/person/year, and the average water 
consumption equal 0.2 m3/person/day. 
 
The predicted regression equations, using the forward method and their 
respective regression coefficients are found in the next chapter.  
 
 
 
 
 
CHAPTER IV 
Deterministic Model 
 
 
 
4.1 Regression Results. 
4.2 Deterministic Model. 
4.3 Explanation of Parameters. 
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4.1 Regression Results: 
As mentioned in the last chapter, the forward method was applied and the 
initial regression results were found, taking BOD, COD, and TSS – each at a time – as 
dependent variable Y. The least-square estimate values below were calculated 
according to their matrix (Appendix D), and a new independent's value Ŷ was 
calculated from equation 3-4. All calculations were held using the equations of the 
former chapter, by the aid of excel sheets package.                                                            
The dependent variables X1, X2, X3… Xn used were found to vary from season 
to season for the same variable, although some features are the same. The regression 
equation and their relative regression coefficients are detailed below.  
4.1.1 BOD Equations: COD is the predominant independent variable for all 
seasons along with temperature and influent pH. BOD equation has a relatively lower 
correlation coefficient, compared with COD and TSS especially in winter season. 
BOD summer = 0.0025 + 0.378 COD + 0.0146 N3 + 0.937 (COD*phi) +       
1.153 TSS3 – 1.959 (COD*TSS*do) + 0.1935 (do*t) – 0.1777 (t*N) –      
1.0226 COD2                                                                                       (4-1) 
r =80.893 % 
BOD autumn = - 0.3356 + 0.0215 (phi*phe) + 0.9134 t – 0.9442 COD –    
0.8265 COD2 + 1.774 (COD*phi) + 0.0818 (do*t) + 0.1061 (TSS*p) – 
0.6081 t2                                                                                              (4-2) 
r = 83.958% 
BOD winter = -0.1679 + 0.729 (COD*N) – 1.086 (COD*phi) +                    
0.3893 (COD*TSS*do) + 0.6989 t – 0.2133 (t*N) + -0.4458 (phi*phe) – 
0.5655 (t*phe) + 0.6827 COD2                                                           (4-3) 
r =61.573 % 
4.1.2 COD Equations: All three equations have a correlation coefficient 
greater than 90%, with sunshine as the predominating independent, and so are BOD 
and TSS.  
COD summer =1.33 – 4.953 BOD – 0.3407 do3 + 1.4336 (TSS*do) –           
2.647(BOD*TSS) – 1.302 N – 0.2556(phi*phe) + 7.5337(BOD*N) (4-4) 
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r =92.298 %  
COD autumn = 1.6123 – 0.5767 TSS – 1.4852 N + 1.36677 (TSS*phi) –    
0.0384 t2 + 1.272 BOD + 0.8775 N2 – 1.1852 phi –                         
1.4876 (BOD*TSS*do)                                                                       (4-5) 
r = 97.686% 
COD winter = 0.9901 – 9.4109 TSS + 29.144 (BOD*TSS) + 1.3571 do +  
5.2344 (TSS*phi) + 1.2146 t2 – 1.9021 (do*t) - 9.1427 (BOD*phi) – 
0.111 N                                                                                                (4-6) 
r =90.592 % 
4.1.3 TSS Equations: COD, dissolved oxygen, and effluent pH are the 
predominating independent variables for all seasons, resulting in a correlation 
coefficient greater than 90% for the three equations. 
TSS summer = 0.3695 + 0.2203 do – 10.5103 (BOD*COD*do) + 0.7267 (t*phe) 
+ 19.9566 BOD3 - 0.5559 phi + 2.3404 (COD*do) – 1.09 (do*t) + 
0.3427 do2                                                                                            (4-7) 
r =93.6 % 
TSS autumn = - 0.4885 + 0.819 COD – 0.1816 do + 0.1113 N – 0.1288 p + 
0.3863 t + 0.3049 phe                                                                          (4-8) 
r =96.756 % 
TSS winter = 0.4191 + 0.2092 COD – 0.3494 (t*phe) – 0.6492 N3 +           
0.3149 (COD*N) + 0.0768 (t*N) – 0.5266 phe + 1.0481 (phe*N) +    
0.193 (BOD*do)                                                                                  (4-9) 
r = 91.743% 
4.2 Deterministic Model: 
To obtain the final model, outliers should be eliminated. The outlier's check is 
carried, as detailed in the previous chapter, by comparing the standard deviation 
between the dependant variable's value before and after regression, and the mean of 
the residual error. Appendix F shows that other than the points omitted earlier7, no 
                                                 
7 3.2 Data Categorization and Estimation, pp. 25. 
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other point shows an unfamiliar behavior i.e. the mean of residual to the standard 
deviation in absolute value is less than one for all months; which means that there is 
no need to disregard another data point. Therefore, equations 4-1 to 4-9 constitute the 
final deterministic model's equations. The value of dependant variables, independent 
variable, least-square estimates, and the ANOVA tables for each season are tabulated 
in Appendix E.  
The following graphs (Fig. 4.1 ~ 4.9) shows raw data points with respect to 
the predicted model, with a +95% confidence interval as upper limit, and -95% 
confidence interval as lower limit. Calculation of confidences interval are tabulated in 
Appendix G. 
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Fig. 4.1 Summer BOD Confidence Interval.  
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Fig. 4.2 Summer COD Confidence Interval.  
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Fig. 4.3 Summer TSS Confidence Interval.  
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Fig. 4.4 Autumn BOD Confidence Interval.  
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Fig. 4.5 Autumn COD Confidence Interval.  
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Fig. 4.6 Autumn TSS Confidence Interval.  
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Fig. 4.7 Winter BOD Confidence Interval.  
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Fig. 4.8 Winter COD Confidence Interval.  
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Fig. 4.9 Winter TSS Confidence Interval.  
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4.3 Explanation of Parameters: 
The design and performance of waste stabilization ponds is affected by many 
parameters relating to the environment and the wastewater characteristics; some of 
these parameters can affect each other and some interacts to influence another one 
[24]. The most important ones are: 
i. Quantity and quality of the wastewater.  
ii. Temperature, which is one of the most important parameters affecting pond 
performance, microorganisms' metabolic activity, oxygen production and 
depletion, gases solubility, biochemical degradation rate, removal rate 
constant, bio-solids' settling characteristics, distribution of organic load, and 
removal of fecal bacteria.  
iii. Solar energy and photosynthesis. 
iv. Dissolved oxygen, a byproduct of photosynthesis also governed by 
temperature and difference of day hour. DO is the best indicator of satisfactory 
operation in facultative and maturation ponds. 
v. Nutrients. 
vi. Organic loading. 
vii. Removal rate constant (K), which is temperature and wastewater 
characteristics' dependant. 
viii. pH, fluctuating from day time to night due to biological photosynthetic from 
acidic (≤6.5) in the anaerobic pond to alkaline (≥8.0) in the maturation pond. 
pH has a profound influence on the behavior of carbon, nitrogen, and 
phosphorous compounds; higher pH level induces ammonia release from 
pond's surface, reduces carbon dioxide hence algal growth, and dramatically 
reduces bacterial population.  
ix. Depth, an important factor in ponds classification also affects the penetration 
of sunlight in the wastewater and the hydraulic retention time. 
x. Hydraulic retention time, one of the most important factors in performance 
prediction that is directly dependant on depth. Retention time influence BOD 
removal rate [35 & 39], mixing characteristic [8], completion of stabilization, 
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and fecal bacteria die off. Moreover, retention time impact on treatment is 
specially enlarged when increasing the BOD load [36]. 
xi. Sludge accumulation rate, varies in value from one community to another 
depending on temperature, habits, and diet of served population; but it can be 
taken as 0.04 m3/capita/year [11, 12, 15, 24 & 35]. Sludge accumulation 
affects the overall pond performance by reducing its volume and hence the 
hydraulic retention time and the hydraulic flow pattern in ponds [35]. 
xii. Mixing characteristics that is affected by temperature, wind speed, rising gas 
bubbles, and microorganisms' vertical movement from the sludge layer. 
Mixing has a profound effect on organic load distribution and nutrients 
concentration's distribution. 
xiii. Hydraulic flow pattern. 
xiv. Wind speed and direction that induces mixing of ponds' contents. 
xv. Rainfall intensity, which adds dissolved oxygen to the pond water by the 
action of dilution and surface turbulence; however, it can reduce the hydraulic 
retention time during heavy showers. Moreover, surface running rain water 
carrying solids – that may contain organic materials - cools the pond's surface 
creating an intervention layer of with floating anaerobic scum in the effluent. 
xvi. Heavy metals and their salts are toxic to microorganisms because of their 
ability to prevent the protein in the key enzymes to react normally; it's a 
problem that can not be solved by adopting waste stabilization ponds system. 
However, ponds are less sensitive to toxins' concentrations as high as 30 mg/l 
of Cadmium, Chromium, Copper, Nickel, and Zinc (6 mg/l each) [24, 11, 10 
& 33]. 
xvii. Oxidation reduction potential. 
 
The independent variables used in the deterministic model, equations 4-1 ~ 4-
9, are listed below according to their frequency of appearance in regression equations 
along with there significance and explanation i.e. physical meaning. It should be 
noted that some independents constitutes of a multiplication of two or three 
independent factors, which are considered in this case one independent variable that's 
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value is the multiplication of these factors of the same month of the year. The choice 
of these certain factors to be combined together will also be explained. 
4.3.1 COD: since BOD is the biodegradable part of the COD8, it's quite 
normal that COD and its square value repeatedly appeared (5 times) in BOD 
equations. By definition, TSS is the sum of non-volatile and volatile suspended solids9 
i.e. bio-solids, which contributes to the BOD amount therefore, its equations also 
contain COD as independent variable. 
4.3.2 Sunshine (N): because algal activity and consequently oxygen 
production depends solely on sunlight intensity, the biological oxidation of organics – 
whether soluble or colloidal - of the wastewater by bacterial action also depends on 
sunlight. However, sunlight can also have disinfecting action and helps reduce 
bacterial population – including fecal coliforms [29 & 30]. The available daily 
sunshine hours repeatedly appeared in the three equations; once in BOD, four times in 
COD, and twice in TSS.  
4.3.3 Temperature (t): as mentioned earlier10, temperature is one of the most 
important parameters in any biological treatment not only for its effect on oxygen 
solubility in water, but also microorganisms' metabolism and degradation rate are 
very sensitive to thermal changes [11, 16, 24, 21 & 20]. Bacterial growth rates 
doubled every 10oC, up to the limiting temperature [10]. Therefore, it is only natural 
that the value of (t) and its variation has a huge effect on BOD values and removal 
rates, and consequently the COD.  
As for suspended solids temperature affects settling characteristics of 
biological solids, resuspention of settled solids can also occur if the water temperature 
increases to above 22oC [4] –  which is not unusual in Soba's ponds – due to anaerobic 
gas production. 
Moreover, temperature changes may result in vertical stratification of the 
pond’s profile during certain seasons of the year, if the wind action is not sufficient to 
keep the pond mixed. Stratification is caused by an increase in water density with 
depth because of the decrease in temperature, especially during winter when the upper 
zone warms and its density decreases in - comparison with the lower cold waters - 
                                                 
8 3.2.1 BOD definition, pp. 23. 
9 3.2.4 TSS definition, pp. 24. 
10 4.3 Explanation of Parameters, ii temperature, pp.45. 
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resulting in two stratified layers. This phenomenon results in depriving the lower 
layer of dissolved oxygen, therefore decreasing degradation rates; which explains the 
poorer results of BOD model equation in summer. 
The change explained by temperature in the values of BOD, removal rate 
constant (K), and the amount of the removed BOD is described by the following 
equations: 
BOD removed = BOD ultimate (1 – e (Kt))                                                          (4-10) 
Kt = K20 (1.047)t-20                                                                                     (4-11) 
BOD t = BOD20 (0.02*t + 0.6)                                                                   (4-12) 
Where   K20 = removal rate constant at 20oC.           BOD20 = BOD at 20oC 
Kt = removal rate constant at to C.           BOD t = BOD at to C.  
(t) Repeatedly appeared on BOD equation (three times), in COD's (twice), and 
in TSS's (once)  
4.3.4 TSS: since the wastewater's solids are partially organic (bio-solids)11, the 
relations between TSS, BOD and COD are quite obvious. TSS appeared in BOD 
equation three times and once in COD's. 
4.3.5 Dissolved Oxygen (do):  the (do) produced by algae is consumed by 
bacteria to stabilize the wastewater; therefore, its natural that dissolved oxygen 
appeared in COD equations twice. As the TSS of the pond partially constitutes of 
settling organic material, either from the original BOD load or from the natural die off 
of the algae, it is also affected by the amount of (do). The available dissolved oxygen 
in the effluent indicates the degree of purification.  
4.3.6 BOD: by definition12, BOD is the biodegradable part of COD; while part 
of the suspended solids has an organic origin (bio-solids). Therefore, it is not unusual 
for BOD to appear in COD and TSS equations twice and once respectively. 
4.3.7 Influent pH (phi): since Soba's wastewater is a mixture of domestic and 
industrial wastes, it's obvious that the influent pH fluctuation is directly connected 
with the amount of influent COD (one appearance). phi also affects the biological 
activities in the anaerobic pond, bearing in mind that the acid and methane forming 
                                                 
11 3.2.4 TSS definition, pp. 24. 
12 3.2.3 BOD definition and 3.2.4 TSS definition, pp. 23 &. 24 respectively. 
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bacteria in this pond is very sensitive to pH level [10, 11, 16 & 30], and that the 
anaerobic main pond's function is sedimentation13. Also anaerobic gases production 
and /or release (ammonia and hydrogen sulphide) can lead to resuspension of settled 
solids and decreasing the numbers of bacteria; hence, phi appears once in TSS 
equations. 
4.3.8 Effluent pH (phe): algal photosynthesis increases the level of dissolved 
oxygen on the expense of carbon dioxide, which makes it a major factor in increasing 
the pH level in the pond; also dead algal cells sinks in the pond contributing as 
suspended solids [11 & 24]. Therefore it is safe to connect the variation of effluent pH 
– that appears twice in TSS equation - and TSS removal. 
4.3.9 Rainfall (p): heavy rain showers can dilute the content of a pond; but its 
intensity must by higher than the normal precipitation in Sudan. However, rainfall 
affects the level of suspended solids (once in the autumn TSS equation) mainly due to 
surface runoff [22] – regarding the poor side embankments of the ponds – and /or dust 
storms in this particular season14.  
4.3.10 do*t: the solubility of oxygen – and other gases – is a direct function of 
the temperature; this relation is tabulated in many of water and wastewater references 
[11, 1, 7, 4, etc]. As the temperature rise, the bacterial growth and biodegradation 
increase and so is oxygen uptake but, at the same time the solubility of oxygen in 
water decreases [8]. Thus, the combination of (do*t) affects all three dependants 
under investigation, especially BOD; it appears twice in BOD equations and once 
each for COD and TSS. 
4.3.11 t*N: since Soba's ponds are not artificially heated, the sole source of 
heat is the sun; the longer the sunshine duration the higher the temperature. The 
combination of (t*N) effect on BOD is explained in the same manner as temperature, 
in addition of the role of algae in DO supply and increasing of settleable BOD; algal 
growth and consequently die off depends on both temperature and available sunshine, 
where dead algae cells settles as bio-solids. (t*N) appears in both BOD and TSS 
equations – twice and once respectively.  
                                                 
13 1.3.2 anaerobic pond, pp. 6 
14 www.sudani.co.za/tourism_khartoum.htm 
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4.3.12 phi*phe: the product of influent /effluent pH is an important parameter 
in overall biodegradation due to bacterial sensitivity to pH fluctuations in all treatment 
stages. The variation of pH along the treatment process is an important indication of 
the feasibility of treatment; pH should be slightly acidic in the anaerobic pond and 
tends to alkalinity in the following ponds. This change is governed by the rate of algal 
activity, i.e. carbon dioxide uptake and oxygen production, and consequently COD 
and BOD satisfaction. (phi*phe) appears once and twice in COD, BOD equation 
respectively. 
4.3.13 t*phe: increase in temperature may lead in evaporation and increase in 
loadings and ion concentrations. It also induces algal activity which leads to higher 
carbon dioxide depletion for the photosynthesis operation, and consequently rises in 
pH level [31]. Since dead algae cells are settled as bio-solids, the combination of 
(t*phe) affects BOD and TSS levels, especially the later. The term (t*phe) occur twice 
in TSS and once in BOD equations. 
4.3.14 COD*TSS*do: this term is rather complicated. Available dissolved 
oxygen is a major factor in stabilizing organics in the wastewater; it also helps to 
decrease TSS either by stabilizing bio-solids or by enhancing settling properties. 
Therefore, combination of (COD*TSS*do) had a convenient effect on BOD removal 
(two appearance in BOD equations). 
4.3.15 COD*N: algae are heterotrophic microorganisms that synthesize the 
byproducts of bacterial metabolism in the presence of sunlight to produce new cells, 
releasing oxygen in the process. The longer sunshine duration, the higher oxygen 
production and hence, the more satisfied oxygen demand. As mentioned in 4.3.1, 
BOD and TSS are directly connected to COD, therefore following it in its removal 
rate. The term (COD*N) appears once each in BOD and TSS equations'. 
4.3.16 COD*phi: The wastewater treated in Soba plant is a mix of industrial 
and domestic waste; most of these are food processing industries in addition to some 
tanneries, printeries, etc. Because of the nature of these industries' wastes and the fact 
that no pretreatment unit is in operation in almost all of the served factories [17, 18], 
influent pH and COD fluctuations' are highly connected. These fluctuations affect 
BOD removal by affecting the anaerobic bacteria sensitive to pH in the first pond, in 
addition to the increase in COD load which lead to incense of BOD that requires 
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removing. Therefore, the combination of (COD*phi) repeatedly appears in BOD 
equations (three times).   
4.3.17 BOD*TSS: the relationship between BOD and TSS removal is quite 
obvious since a large portion of BOD is removed by sedimentation, especially on the 
anaerobic pond15; and the fact that portion of the suspended solids in the wastewater is 
of an organic origin. The removal of these factors directly affects COD removal by 
minimizing its biodegradable part, either by sedimentation or oxidation. 
4.3.18 BOD*N: as mentioned in 4.3.15, longer sunshine duration, the longer 
algal activity duration and consequently more oxygen to satisfy the organic demand. 
However, more activity means increasing in the number of dead cell that contributes 
in the pond's organic load. This combination naturally appeared in COD equations 
(twice) as a reversed relation of 4.3.15. 
4.3.19 TSS*phi: this term can be explained in the same manner as 4.3.16, as 
the nature of local industries – e.g. tanning, food processing, etc – disposes an effluent 
with high COD and TSS, and highly fluctuated pH. (TSS*phi) appeared twice in 
COD equations. 
4.3.20 BOD*phi: this is actually a reverse of the relation mentioned in 4.3.16. 
As the BOD is a portion of COD, it is reasonable to assume that the reverse is true. 
4.3.21 TSS*p: as autumn is the only rainy season in the country, and it is 
associated with surface runoff carrying high amounts of settleable solids in to the 
poorly embanked ponds'; solids can also be carried by wind action and dust storms, 
that is very active particularly in the beginning of the season16. In addition to 
decreasing the retention time required for organic load removal, these solids can be of 
organic origin. Therefore, BOD load removal in the ponds is decreased. The term 
(TSS*p) appeared once in BOD equations.  
4.3.22 TSS*do: Microorganisms can continuously remove organic matter 
from liquid wastes by one method only, synthesis into new cells. A relationship exists 
between the removal of organic matter and the cells synthesized, together with the 
oxygen consumed [10]:  
                                                 
15 1.3.2 Anaerobic pond, pp. 6. 
16 www.sudani.co.za/tourism_khartoum.htm 
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     F = 1.43S + Os                                                                                       (4-13) 
Where:    F = organic mater removed, mg ultimate BOD /liter. 
               S = synthesis, mg volatile solids /liter. 
               Os = mg oxygen synthesized /liter. 
Since the organic matter removed can be expressed also as COD, the oxygen 
uptake as dissolved oxygen, and the synthesis into new cells as biosolids – the 
generated cell will eventually die contributing to the settleable bio-solids – or TSS. 
This relationship explains the presence of the term (TSS*do) in the COD equations 
(once). 
4.3.23 COD*do: the amount of satisfied organic demand to oxygen is 
obviously connected with the available dissolved oxygen present in the wastewater, 
this in turn affects the TSS, as TSS and COD are strongly correlated (4.3.1 & 4.3.4) 
and also by considering the relation in 4.3.22; this relationship can be anticipated. The 
term (COD*do) appeared once in TSS equations. 
4.3.24 BOD*do: this combination can be looked upon as a portion from the 
previous one as BOD is a part of COD and therefore, has the same reason for 
appearing on TSS equations (once). 
4.3.25 BOD*COD*do: the relationship of dissolved oxygen with BOD and 
COD, and each multiplied by (do) with the TSS was mentioned in 4.3.23 and 4.3.24; 
hence it can be concluded the combination of (BOD*COD*do) has the same effect on 
TSS as the previously mentioned relations. The term had a single appearance on TSS 
equations. 
4.3.26 phe*N: in photosynthesis, algae consume carbon dioxide – resulting 
from other organisms' respiration – in the presence of sunlight and produce oxygen as 
a byproduct. The decrease in dissolved CO2 concentrations i.e. ponds' acidity, results 
in increase of effluent pH - as algae action in the most in the aerobic and facultative 
ponds17 - during daytime [31]. Because dead algal cells contributes to the suspended 
solids amount leaving the pond, the increase in daily sunshine hours leads to increase 
                                                 
17 1.3.4 Aerobic pond, pp. 8; and 1.3.3 facultative pond, pp. 7. 
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in phe value and consequently increasing TSS in effluent [6]. The term appeared once 
in TSS equations.  
From the past mentioned model equations (4-1 ~ 4-9), BOD removal has 
lower correlation coefficients than COD and TSS, especially in winter; this can be 
referred to lower temperatures in this particular month that can lead to stratification 
[8] and /or smaller influent quantities according to the "SCADA" program 
measurement held in pumping station No.6 [40].  
The value of correlation coefficients in the all of regression equations in 
general is lower that expectations; this can be explained by the lack of raw data, 
especially influent discharge values and the reduction of depth resulting from sludge 
accumulation. Has these parameters been measured, the model could be more 
accurate and correlation coefficients can be as high as 95% for all parameters.  
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5.1 Usual Features of Mechanistic Model: 
The overall objective of biological treatment of domestic wastewater is to 
transform dissolved and particulate biodegradable constituents into acceptable end 
products, capture the suspended and non-settleable colloidal solids into biological 
flocks or bio-film, and remove nutrients such as nitrogen and phosphorus. The 
successful design and operation of the treatment process requires an understanding of 
the type of microorganisms' involved, specific reactions they perform, environmental 
factors affecting their performance, nutritional needs, and reaction kinetics [11]; in 
addition to the hydraulic flow type and flow imperfections, i.e. short circuiting, 
diffusion.  
Some of the most common reactors used in wastewater biological treatment 
are: 
5.1.1 Completely Stirred Tank Reactor (CSTR): in which the wastewater 
flows continuously while being mixed instantaneously as it enters the reactor tank, so 
that the loading concentrations is uniform at any point of the tank. An example to 
CSTR is chlorination tanks. 
5.1.2 Ideal Plug Flow Reactor: in which the wastewater particles passes 
through the reactor with practically no longitudinal mixing and exit from the reactor 
in the same sequence in which they entered; it can be visualized as a series of isolated 
volumes or segments of liquid continuously flowing, one following the other without 
any of them being mixed with adjacent segments [8]. These segments retain their 
identity and remain in the reactor for a time equal to the theoretical retention time. 
This type of flow is approximated in long open tanks with a high length to width ratio 
and minimal or no longitudinal dispersion, i.e. natural long lakes. 
5.1.3 Batch Reactor: in which the water is neither flowing in or out of the 
reactor during treatment. Basically, water inters the reactor, got treated, and then 
flows out. An example of batch reactors is activated sludge process.  
5.1.4 Non-Ideal Plug Flow Reactor: also called arbitrary flow, is a plug flow 
reactor that experience some sort of short circuiting; the factors leading to non-ideal 
flow in reactors include [8]: 
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i. Temperature difference between the water entering the reactor and the water 
in the tank, which can lead to a portion of water traveling to the outlet without 
being treated completely.  
ii. Wind-driven circulation patterns, especially in shallow tanks. 
iii. Poor design, which may cause dead zones. 
iv. Axial dispersion. 
Some examples of arbitrary flow are septic tanks, lagoon treatment system, 
aeration tanks, and constructed wetlands.  
In practice, the flow in plug-flow reactor is seldom ideal; there is always some 
deviation from the ideal conditions. The important issue with non-ideal flow is that a 
portion of the flow will not remain in the reactor as long as may be required for 
biological or chemical reaction completion. The output from a non-ideal plug flow 
reactor is often modeled as a number of CSTRs in series [11, 8 & 23].  
5.2 Extraction of Mechanistic Model: 
The flow regime through ponds system is somewhere between plug-flow and 
complete mix. Because dispersion is related to wind mixing, the level of dispersion 
will vary with the changing wind conditions. Dispersion numbers in a wastewater 
pond range from 0.1 to 2.0, with most values less than 1.0 cm2/sec [4] and typical 
values between 0.1~1.0 cm2/sec for multiple ponds in series [11]; while the reaction 
rate coefficient (K) ranges between 0.05 and 1.0 per day [22].  
Since complete-mix reactors in series is used to model the flow regime that 
exists between the hydraulic flow pattern corresponding to the complete-mix and 
plug-flow reactors [11, 22, 8 & 38], general equation of CSTRs from literature can be 
applied. Some examples of these equations are: 
i. For "m" CSTR in series:          C/Co = [1+ (K/2mt)]-m                                 (5-1) 
     Where  C = effluent concentration, Co = influent concentration 
             m = number of reactions in series, K = reaction rate coefficient. 
             t = retention time = tank volume/ received discharge. 
ii. For plug-flow reactor with axial dispersion and reaction:                            
C/Co = [4a exp (1/2d)] ÷ {[(1+a)2 exp (a/2d)] – [(1-a)2 exp (-a/2d)]}         (5-2) 
Where a = √(1+4Ktd),        and d = dispersion number = D/ uL 
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K = 1st order reaction rate coefficient per day.    
D = axial dispersion coefficient in m2/sec.  
t = retention time = tank volume/ received discharge.  
u = water velocity in m/sec.                  L = reactor length in m. 
Equation (5-2), derived by Wehner & Wilhem, was proved by Polprasert & 
Bhattarai (1985) to have a significantly higher correlation coefficient values than of 
CSTR [23]. Thirumurthi (1969) developed a graphical solution of this equation in 
which the term Kto is plotted against C/Co for dispersion factors varying from zero to 
infinity [11]. This solution is illustrated in Fig 5.1.  
Wehner & Wilhem equation was used with the aid of Thirumurthi graphs to 
extract a representative mechanistic model, using data of October and November 2004 
– since those were the only month with measured discharge – to find the reaction rate 
coefficient and dispersion number of the ponds under study. Assuming a per capita 
consumption of 0.2 m3/day and sludge accumulation rate of 0.04m3/c/yr18, the 
available volume is calculated as the subtraction of sludge volume accumulated since 
1992 to the present day, from the original ponds volume; knowing that the initial 
ponds' system volume19 = 787680 m3. Substitution in Wehner & Wilhem equation 
results in tables 5.1, 5.2 and 5.3.  
 
Fig. 5.1 Thirumurthi graphical solution of Wehner & Wilhem equation [11]  
                                                 
18 4.3 Explanation of parameters, xi Sludge accumulation rate, pp 46. 
19 Appendix (A), table A.2 treatment units design, pp. 69. 
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Table 5.1 BOD Mechanistic Model Extraction. 
BOD Q Volume t d Kt K a exp d/2 exp a/2d exp -a/2d (1+a)² (1-a)² C/Co 
0.163864 36842.42 696310.8 18.8997 1.0625 3.57625 0.189223 4.024806 1.701057 6.646074 0.000513 25.24867 9.149451 0.163205
0.16571 30878.07 711040.6 23.02737 1.0625 3.43125 0.149007 3.947507 1.701057 6.408661 0.000593 24.47783 8.687798 0.171228
 
 
 
Table 5.2 COD Mechanistic Model Extraction.  
COD Q Volume t d Kt K a exp d/2 exp a/2d exp -a/2d (1+a)² (1-a)² C/Co 
0.294388 36842.42 696310.8 18.8997 1 1.9 0.100531 2.932576 1.648721 4.33312 0.002837 15.46515 3.734849 0.288649
0.232521 30878.07 711040.6 23.02737 1 2.55 0.110738 3.34664 1.648721 5.329834 0.001239 18.89328 5.50672 0.219192
 
 
 
Table 5.3 TSS Mechanistic Model Extraction.  
TSS Q Volume t d Kt K a exp d/2 exp a/2d exp -a/2d (1+a)² (1-a)² C/Co 
0.273544 36842.42 780311.5 18.8997 1 2 0.09443 3 1.648721 4.481689 0.002479 16 4 0.275948
0.283795 30878.07 781504.4 23.02737 1 1.85 0.073095 2.898275 1.648721 4.25944 0.003038 15.19655 3.603449 0.29534 
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According to the above tables, the value of dispersion number ranges from 1.0 
for COD and TSS to 1.0625 m2/sec for BOD, while the first order reaction rate 
deviates between 0.1691, 0.1058, and 0.1675 per day for BOD, COD, and TSS 
equations respectively. It should be noted that the value of (K) varies considerable 
with the change of water depth, temperature, solar radiation, organic load, and the 
hydraulic model used [23], which explains its wider range of variation.  
5.3 Comparison Between The Two Models: 
Although each term is considered a linear independent, some equals the 
multiplication of two or more independents e.g. X = M*Z*…; in explaining these 
terms they are considered as a combination20. Some terms can be related to the natural 
degradation rate, which can be taken as similar to bacterial utilization of soluble 
substrate equations [11] or any other decay rate equation, e.g. Fick's law. These terms 
are the ones containing BOD, COD and /or TSS as independent variables. At the same 
time there are terms that can be looked at as reaction terms of the general form: 
R = K*XZ 
Where R = reaction rate.            X = reactant's concentration.   
Z = overall reaction order.          K = Z th order reaction rate constant.  
Whether it was a 1st order reaction (terms 4.3.1 ~ 4.3.9), 3rd order reaction 
(4.3.14, 4.3.25, and cubed independent's values), or a 2nd rate order reaction as the rest 
of terms; all of the used terms in equation 4-1 ~4-9 can be considered as reaction 
terms in addition to other explanations – if any occurs. In this sense, the resulting 
deterministic model terms' can be considered as a form of natural phenomenon 
typically existed in stabilization ponds. 
The mechanistic (phenomenological) model was graphically compared with 
the deterministic model to confirm its validity; Fig. 5.2, .5.3 and 5.4 illustrate the 
relation between the two models.  
                                                 
20 4.3.1 ~ 4.3.26 Explanation of parameters, pp. 47~53. 
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Fig. 5.2 Comparison Between Mechanistic and Deterministic Model for BOD. 
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Fig. 5.3 Comparison Between Mechanistic and Deterministic Model for COD. 
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Fig. 5.4 Comparison Between Mechanistic and Deterministic Model for TSS.  
 
The difference between the values obtained from the deterministic and 
mechanistic model – calculated from Fig. 5.2, 5.3, & 5.4 – is relatively small, 
especially for COD model, with maximum of 2% for TSS equation. This amount of 
deviation is quit acceptable, bearing in mind that the comparison was held for two 
month only – due to lack of inflow measurement. Therefore, the adopted deterministic 
model was successfully converted into mechanistic form, using the equation (5-2) 
Although waste stabilization ponds are an environmentally sustainable 
technology for either full or partial treatment of wastewater using the forces of nature 
such as sunshine, wind, temperature, and spontaneous plant and animal live; their 
design is the least well-defined of all the biological treatment processes. Numerous 
methods and design equations had been proposed in the literature, yet when the results 
are correlated; a wide variance is usually found [27].  
Meanwhile, tests based on classical techniques – such as ANOVA and 
regression analysis– are very sensitive. They have a power to frequently detecting 
shifts in location – if any occurs – and conclude that this shift is statistically 
significant [5]. Therefore, they are the most suitable analytical method to predict the 
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behavior of an existing ponds system and evaluating to what extent the effect of the 
environmental factors and influent loadings' variation are. The technique proved to be 
satisfaction as the stochastic model derived by using it was successfully converted 
into mechanistic model using a well known equation for flow between the plug-flow 
and CSTR type, which has significantly high correlation coefficient when used with 
waste stabilization ponds [11 & 21]. However, these tests depend on many 
assumptions21; hence, the validity of their results depends on the validity of these 
assumptions [5]; but in this particular case, the results were satisfactory.  
 
 
 
 
 
                                                 
21 3.5 basic assumptions, # vi ~ vii, pp. 36. 
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6.1 Conclusion: 
Over viewing the prediction process results, the following notes can be 
concluded:  
i. The statistical analysis of Soba stabilization ponds resulted into a relatively 
high correlated relationships between removal rates of BOD, COD, TSS and 
some of the main effluent and influent characteristics, along with some of the 
local environmental conditions22. 
ii. As the calculations shows the increase in correlation with each added variable, 
formulated relation determines the operational control ones.  
iii. The calculated relation – deterministic model – can be used to enhance this 
plant, and any future stabilization ponds system under the same local 
condition, by altering the operational control variables.  
iv. Since controlling the higher correlated variables from the deterministic model 
had a higher impact on the quality of effluent than lower correlated ones; the 
treated effluent quality can be enhanced by using the terms which removal is 
most sensitive to from the deterministic model. For example increasing the 
COD removal in summer season will have a bigger effect on BOD than 
increasing the available sunshine, which in turn is more effective than altering 
the influent pH and so forth23.  
v. Controlling the predominating variables of the deterministic model, equations 
4-1 ~ 4-9, can be obtained by adapting simple regulations. For example as the 
available sunshine had a high correlation factor in most of the nine equations 
can be further enhanced by regular scum removal of the facultative and 
aerobic ponds, weeding, and /or algal harvesting. These simple tactics can 
improve COD removal and consequently BOD and TSS since their 
predominating factor is the COD. The same goes for desludging that improves 
BOD removal (as bio-solids), controlling influent pH by means of equalization 
tanks and /or enforcing the laws that obligates industrial wastes generators to 
pre-treat their wastewater before dumping it in the public network, etc.  
                                                 
22 Equations 4-1 ~ 4-9, pp. 39~40. 
23 Appendix E, pp. 93~138.  
CH VI                                            Conclusion and Recommendations  
 64
vi. The use model formulated in this study can be extended to improve the system 
at any given time, if it was updated with new data points. It can also calculate 
the improvement achieved from changing a certain independent variable in 
each of the models. 
vii. The accuracy of the deterministic model was assessed by converting it to a 
phenomenological (mechanistic) model using a well known equation that had 
been proven to have a high correlation when used for a stabilization ponds 
system [23]. The outcome of the model prediction was satisfactory, especially 
for COD & TSS equations.  
viii. Regarding BOD removal, the coefficient of determination had decreased when 
compared to similar formulated model [21] from 67% to 65.4, 70.5 & 37.9% 
for the three seasons, with an average of 57.9%. Though, this is only natural as 
the former study only considered months’ values only. The COD and TSS 
removal were not taken into consideration in any other study, and therefore 
can not be compared.  
However, Any statistically based model can be immensely improved by 
introducing a new piece of information to it; and They can also contribute to the 
regression equations, increasing the correlation coefficient values, and resulting in 
fewer termed equations to be used for predicting the BOD, COD, and TSS response to 
environmental factors; hence a better model and fewer factors that needs remediation 
for improved treatment.  
6.2 Recommendations:  
i. Frequent measuring of plant's inflow; since sewage flow to be expected from 
any type of establishment is not constant each day, week, or season; frequent 
measuring of inflow is of vital importance to any study on the system 
performance evaluation, redesign, and /or new treatment process 
implementation. Inflow measurement in addition to the number of served 
population are also important for calculating the amount of sludge 
accumulation and hence the decrease in the system's volume and hydraulic 
retention time.  
ii. Install flow measuring device in-situ for more accurate influent measuring 
compared to the present one that depends on speculation.  
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iii. Maintain a fixed sludge removal intervals and sludge volume calculation, in 
order to estimate the reduction in hydraulic retention time between desludging 
periods.  
iv. Improve sunlight penetration by means of regular removal of scum, floating 
materials and weeds which form an inhibiting barrier. 
v. Enforce the law which obligates implementation of pretreatment units in the 
factories served by the system, on their owners' expenses, and /or grease 
removing facilities – especially for food processing industries – which leads to 
better results both for BOD and TSS removal as it reduces the COD, the 
predominating factor in all equations, in addition to lowering effluent COD as 
the influent amount is lower to start with.  
vi. Shortening the intervals between grit chamber cleaning from the usual 10 to 
15 day, which will eliminate the quantity of grits entering the ponds as influent 
suspended solids and consequently TSS removal.  
vii. Implementation of equalization tank in order to eliminate influent pH 
fluctuations and consequently removal of BOD and TSS24. 
viii. Enforcing the side embankments of the ponds and disposal channel, which not 
only prevent their collapse25 into water body, but also prevents surface run-off, 
especially during rainy season, which dramatically reduces TSS level in this 
particular time of year26.  
ix. Enforce the plant fencing to prevent locals and wandering animals to enter the 
plant.  
x. Adopt a consistent monitoring schedule of maintenance of the ponds and 
attachments to maintain their physical condition.  
xi. Increase the testing frequency of the effluent /influent concentration – from 
twice a week – and widen their spectrum to include more variable that can be 
sensitive to this particular plant, e.g. hexavalent and trivalent chrome, 
ammonia, fecal coliform count, etc and taking of samples in different times of 
the day.  
                                                 
24 4.1 Explanation of parameters, pp. 47 ~ 53. 
25 See Fig. 2.2, anaerobic ponds, pp. 13. 
26 Appendix C, raw data tables, pp. 81~90. 
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xii. Install an early monitoring system to response to shock hydraulic and organic 
loads before they reach the plant. 
xiii. Relocating the wastewater treatment facility in a more desolated surrounding 
and the same for effluent disposal.  
From the above mentioned suggestions, Soba treatment plant's performance 
can be improved by adapting simple and inexpensive and uncomplicated remedies. As 
feasibility researches had proven that waste stabilization ponds is more suitable – 
specially for small municipalities – in hot climates [37], the system's maintenance 
should be much cheaper and easier to manage than shifting to a more complicated and 
expensive process type i.e. the new activated sludge plant under construction. 
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A.1 Design Capacities and Loadings: Soba plant was designed with target 
year set for 1996, daily average flow of 31,420 m3/day (6.9 MGD), and hourly max of 
2,880 m3/hr. The plant was designed on basis of 300, 350 mg/l annual average BOD, 
and TSS respectively. The target is to achieve effluent of 45, 75 mg/l BOD and TSS. 
Design of the plant's facilities is summarized in the following table. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
App. A                                           Plant Design  
 69
Table A.2  Soba Plant's Treatment Units Design. 
Unit   No. off Dimensions 
per unit 
Retention 
time  
Effluent 
quality  
Removal 
(%) 
 
 
Lift pump  
2 
submergible 
& 3 vertical 
mixed flow 
(dry) 
12m head, 
350mm dia 
for dry and 
600mm dia 
submergible
 
 
- 
 
 
- 
 
 
- 
 
Hand rack 
fine screen  
 
2 
1x2 m2 side 
area, 20 mm 
spacing, & 
60o 
inclination 
 
 
- 
 
 
- 
 
 
- 
Grit 
chamber  
 
1 
 
1x1.2 m2 
side area 
 
- 
300 mg/l 
BOD, 350 
mg/l TSS 
 
- 
 
Anaerobic 
pond  
 
4 
 
174x100 m2 
x 3 m depth 
 
3.3 day 
150 mg/l 
BOD, 105 
m/l TSS 
50% 
BOD, 
70% TSS 
 
Facultative 
pond 
 
2 
240x785 m2 
x 1.2 m 
depth 
 
14.4 day 
 
2x107 
FC/100 
ml 
 
70% 
BOD, 
28% TSS 
Maturation 
pond  
 
2 
240x220 m2 
x 1.2 m 
depth  
 
4 days 
4,400 
FC/100 
ml 
99.98% 
Fecal 
coliforms 
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Table B.1  Max. Possible Sunshine Hours for Different Months & Latitudes.  
Northern lats. 
Southern lats. 
Jan. 
July 
Feb. 
Aug. 
Mar. 
Sep. 
Apr. 
Oct. 
May 
Nov. 
June 
Dec. 
July 
Jan. 
Aug. 
Feb. 
Sep. 
Mar. 
Oct. 
Apr. 
Nov. 
May 
Dec. 
June 
50 8.5 10.1 11.8 13.8 15.4 16.3 15.9 14.5  12.7 10.8 9.1 8.1 
48 8.8 10.2 11.8 13.6 15.2 16.0 15.6 14.3 12.6 10.9 9.3 8.3 
46 9.1 10.4 11.9 13.5 14.9 15.7 15.4 14.2 12.6 10.9 9.5 8.7 
44 9.3 10.5 11.9 13.4 14.7 15.4 15.2 14.0 12.6 11.0 9.7 8.9 
42 9.4 10.6 11.9 13.4 14.6 15.2 15.0 13.9 12.6 11.1 9.8 9.1 
40 9.6 10.7 11.9 13.3 14.4 15.0 14.7 13.7 12.5 11.2 10.0 9.3 
35 10.1 11.0 11.9 13.1 14.0 14.5 14.3 13.5 12.4 11.3 10.3 9.8 
30 10.4 11.1 12.0 12.9 13.6 14.0 13.9 13.2 12.4 11.5 10.6 10.2 
25 10.7 11.3 12.0 12.7 13.3 13.7 13.5 13.0 12.3 11.6 10.9 10.6 
20 11.0 11.5 12.0 12.6 13.1 13.3 13.2 12.8 12.3 11.7 11.2 10.9 
15 11.3 11.6 12.0 12.5 12.8 13.0 12.9 12.6 12.2 11.8 11.4 11.2 
10 11.6 11.8 12.0 12.3 12.6 12.7 12.6 12.4 12.1 11.8 11.6 11.5 
5 11.8 11.9  12.0 12.2 12.3 12.4 12.3 12.3 12.1 12.0 11.9 11.8 
0 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 12.1 
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Table C.1  Soba Plant Performance.  
 
              
 Month POND Ph TSS BOD  COD DO temp.°C N Removal %  
       mg/l mg/l mg/l mg/l water  atmosphere   BOD TSS  
   influent 6.8 412.55 451.14                
   anaerobic 7.52 135.47 206.57          
 Jul. facultative 7.84 51.67 111.17  3.34  26.1~25 moderatly     
 1997 aerobic 7.95 46.54 98.18  4.3   high     
   effluent                 88.7 78.2  
   influent 6.58  807.5 1334.38         
   anaerobic 6.9  285 409.25         
  May facultative 7.42  137.5  14.23   high     
  1998 aerobic 7.52  144 239.27 11.5        
    effluent                 82.17 62.23  
   influent 7.33~7.4  571.8          
   anaerobic 7.67~7.84  231.72          
  Aug. facultative 8.13~8.59  140  1.9~6.66 26.8 31.1 low     
  1998 aerobic 8.05~8.9  93.28  3.25~5.3        
    effluent                 84.9~81.12 73.3~30.09  
   influent 7.6 283.2 229.3~214.3 515         
   anaerobic 7.78~7.85 123.3~98.1 106.23~88.75 210~220  29.7       
  Sep. facultative 8.2~8.39 91.6~88.7 45~57.4 110.7~120 4.93~6.6 29.1       
  1998 aerobic 8.2~8.69 94.09~55.4 70.5~53.4 93.3~101.1 5.13~6.44 29.05 31.17 high     
    effluent                 81.9~75.1 66.8~80.4  
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Table C.1  continued… 
  
                          
   influent 7.48 263.5~239.6 333.33 533.2~662.6         
   anaerobic 7.82~7.88 110.1~126.6 103.75~90 212.5~193.3  29.45       
  Oct. facultative 8.23~8.3 100~93.32 72.48 162.1~93.3 2.1~6.66 28.5 33.88 high     
  1998 aerobic 8.4~8.53 66.66~80.47 49~34 96~126 3.5~5.3 28.58       
    effluent                 85.3~89.7 75.8~65.9  
   influent 7.29 228.05 313.3~300 427.57~471.36         
   anaerobic 7.58 134.1~139.6 167.5~145 214~197.5  25.94       
  Nov. facultative 7.74 93.8~97.3 95.8~80 88.14~94 5.75~6.36 25.25 29.06 high     
  1998 aerobic 8 62.96~50.4 53.75~106.6 146.7~90.27 6.8~7.1 25       
    effluent                 82.8 72.4  
   influent 7.27 405 385 509.4         
   anaerobic 7.64~7.7 129.2~137.4 123.3~135   23.25       
  Dec. facultative 8~7.97 87.9~102.56 103.3~57.5   21.88 22~28 all day     
  1998 aerobic 8~8.22 52~71.46 60~50 71.97~101.2  22.8       
    effluent                 88~83 87~82  
   influent 6.58 292.4 244 600.588  28.5       
   anaerobic 7~7.1 118.1~117.4 131.67~80 236.17~286.04  23       
  Jan. facultative 7.6~7.83 76.95.2 35.99~40 104.96~137.42 7.1~8.23 21.2  high     
  1999 aerobic 7.73~8 66.6~69 59.5~60.18 86.48~112 6.6~7.7 20.6       
    effluent                 69.12~75.34 77.22~76.4  
   influent  360.15 419.3 683.3         
   anaerobic      26       
  Apr. facultative 8.58    10 24       
  1999 aerobic             
    effluent   93.77 44.92 86.76 5.5 26.6     86.02 73.96  
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Table C.1  continued….. 
  
                          
    influent 7.45 339.25 345.63 512.62  32.95       
   anaerobic             
  May facultative       35.09      
  1999 aerobic             
    effluent 8.02 87.137 59.39 102.15 1.8~8.8 25.5     82.8 74.31  
   influent 7.39 281.75 294.3 411  34.03       
   anaerobic             
  Jun. facultative       36.7      
  1999 aerobic     3.4~8.31        
    effluent 7.34 45.16 46.26 92.53 3.68 30.6     84.28 80.77  
   influent 7.43 237.08 327.54 601.38         
   anaerobic             
  Jul. facultative             
  1999 aerobic             
    effluent 7.902 47.39 51.02 80.65 2.5~4.7       84.4 80  
   influent 7.63 299.5 279.26 461.5         
   anaerobic      30.68       
  Aug. facultative      29.5 28.83      
  1999 aerobic     4.5 28.5       
    effluent 8.06 51.27 57.36 97.85 2.9       85 80  
   influent 7.62 273.5 272.2 527.7         
   anaerobic      36       
  Sep. facultative     4.5 30 37      
  1999 aerobic     5.5 30.5       
    effluent 8.49 67.6 43.09 99.72         84.16 75.28  
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Table C.1  continued…. 
  
                          
   influent 7.96 235.7 224.2 580         
   anaerobic      29       
  Oct. facultative      28 32 high     
  1999 aerobic      28       
    effluent 7.61 60.6 41 108 4.13       81.7 74.2  
   influent 7.52 272 247.2 598.7         
   anaerobic      29       
  Nov. facultative      29 32 med.     
  1999 aerobic      29       
    effluent 8.05 68.9 49.9 83.33 5.74       79.8 74.6  
   influent 7.3 260 300 506         
   anaerobic      24       
  Dec. facultative      18 26 med.     
  1999 aerobic      19       
    effluent 8.4 54.1 52 86.5         83 80  
   influent 7.12 268 255.14 470.34         
   anaerobic 7.71     26       
  Jan. facultative 8.05       high     
  2000 aerobic      22.2       
    effluent 8.07 49.28 39.58 81.45 5.82       82.7 66.3  
   influent 7.3 301.3 280 515.5         
   anaerobic 6.3 129.3 178.3 216.1  29       
  Feb. facultative 8.29 64.44 106.42 120.4 4.9 27 32 high     
  2000 aerobic     6.5 27       
    effluent 8.51 57.6 47 123.1 6.06       83.2 83.9  
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Table C.1  continued…. 
  
                          
   influent  302.14 467.1 734.28         
   anaerobic      32       
  Mar. facultative 8.5    7.8 27 33~40 high     
  2000 aerobic 8.9    7.7 27       
    effluent   75.7 62.16 109.92 7.12       86.69 74.94  
   influent  332.8 320.7 537.1         
   anaerobic 7 140 120 230  30       
  Apr. facultative 8.5 120~94 73.3 120  27 36 high     
  2000 aerobic 8.5 75 95 125  28       
    effluent   85 66.5 112.7 6.9       79.2 74.4  
   influent 7.7 288.9 365 579         
   anaerobic 7.95~7.85 80~116 115~70 115.2~144  31.5       
  May facultative 8.15~8.55 60~84 93.3~90 140~180 6.2~8.5 29.5 37 high     
  2000 aerobic 8.55~8.85 60~84 73~53 112~156 6.5~9.5 28.3~28.2       
    effluent 8.8 68.95 66.9 143.4 7.41       81.67 76.13  
   influent 7.35 152.2 361.16 425         
   anaerobic 7.7~7.57 112~230 120~160 206~260  34       
  Jun. facultative 8.5~8.65 58~62 75.5~75 173.3~106.6 4.7~4.8 29 38.2 high     
  2000 aerobic 8.3~8.35 73.33~105.33 60.5~80 150~160 6.3~6.4        
    effluent 8.88 65.36 55 152.2 5.43       84.766 72.87  
   influent 7.6 278.3 321.2 560         
   anaerobic 7.05~7.25 124~130 155~125 200~220         
  Jul. facultative 8.5~8.52 70~72 80~73.3 186~220 4.2~6.5  33 low     
  2000 aerobic 8.85~8.9  60~70 120~140 4.7~2.9        
    effluent 8.3 68 71 145         77.5 75.6  
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Table C.1  continued…. 
  
                          
   influent 7.34 320.17 324.82 495.08         
   anaerobic 7.5 130 180 300  25.5       
  Aug. facultative 8.9 206 93.3 257.5 9.7 22 28.5 high     
  2000 aerobic 8.9 70 76.5 112.2  24.5       
    effluent 8.51 55 62.6 97.67 7.29       80.59 82.28  
   influent 7.6 322.5 292 537.9         
   anaerobic 7.9~7.5 170~120 155~135 280~250         
  Sep. facultative 8.55~8.2 85.5~75 60.5~44 260.7~186.6   32 high     
  2000 aerobic 8.7~8.8 85~70 42~45 80~120         
    effluent 8.75 61.5 51.6 113.7 5.4       82.3 80.9  
   influent 6.43 234.8 320 365         
   anaerobic 7.3~7.1 84~72 140~145 180~200         
  Oct. facultative 7.1 54~90 40~43.3 140~353.3   32 high     
  2000 aerobic 7.23~7.53 52~64 52~64 162.5~175         
    effluent 7.15 61.5 44.75 119.5 6.24       86.01 73.76  
   influent             
   anaerobic             
  Nov. facultative       32      
  2000 aerobic             
    effluent                      
   influent 6.03 216.4 278.8 412.25         
   anaerobic 7~6.9 100~90 170~93.3 189~120         
  Dec. facultative 7.9~7.3 100~106 166.6~170 160~85    all day     
  2000 aerobic 7.7~7.9 86~98 96.6~85 146.6~160         
    effluent 7.51 63 76.5 169.95 6.48       72.6 70.8  
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Table C.1  continued….. 
  
                         
   influent 6.13 384.25 221.6 518.4        
   anaerobic 7.1~7.2 92~126 100~175 380~220        
  Jan. facultative 7.5~7.6 166~90 86~100 223.6~137.6   28 low    
  2001 aerobic 7.8~7.9 75~83 30~40 97.4~120.4        
    effluent 7.37 100 221.6 175         78.8 73.97 
   influent 7.2 294.3 280 499        
   anaerobic  170 190 220  30      
  Feb. facultative  70.5 55.4 130 5.5 28 32 high    
  2001 aerobic  72.5 52 100 6.5 26      
    effluent 8.2 62.3 51 125.3 5.94       81.7 78.8 
   influent 7.04 332.6 288.7 404.3        
   anaerobic  165.4 170 221.5  29      
  Mar. facultative  69.7 54.6 140 3  30 med.    
  2001 aerobic  70.3 53.3 120 6.65 25      
    effluent 8.1 59.8 54 99.27 5.4       81.2 82 
   influent 6.78 227 338.5 530.4        
   anaerobic 6.95~7.1 242~156 130~135 280~200        
  Apr. facultative 7.8~7.6 148~96 73.3~75.5 250.3~235.2   32 med. To low    
  2001 aerobic 8.3~8.1 72.5~70.5 53.3~56.6 173.3~200        
    effluent 7.94 80 71 197 4.97       79 65 
   influent 7.13 256.66 320.5 566        
   anaerobic            
  May facultative            
  2001 aerobic            
    effluent 8.22 86.66 63 177.98 2.98       80.3 66.24 
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Table C.1  continued….. 
  
                          
   influent 6.9 220 372.82 426.5         
   anaerobic 6.8~6.7 110.5~87 105.5~183 245.3~192.5  30.5       
  Jun. facultative 7.99~7.95 141~89 96.5~98.5 145~194  25 37 high     
  2001 aerobic 8.2~8.4 118~76 51~44.5 274~266.5  24       
    effluent 8.1 95.5 64.14 182.6 3.2       82.79 56.59  
   influent 6.84 245.6 370 453.3         
   anaerobic 6.82~6.75 178~182 210~240 300~340         
  Jul. facultative 7.92~7.61 106~86 83~157 160~220   35 low     
  2001 aerobic 8.32~8.15 72~116 60~66 72~116         
    effluent 7.96 113.7 67.25 186.6 3.73       81.82 54  
   influent  607.3 253 593.3         
   anaerobic 6.8~6.7 128~390 110~145 275~285         
  Aug. facultative 7.65~7.5 110~298 96~80 187.2~249.6   37 med. To low     
  2001 aerobic 8.1~7.9 96 47~53.3 166.4~221         
    effluent   90 47.5 181.2 5.02       81.2 75.3  
   influent 7.3 300.8 266.25 490.16         
   anaerobic 7 240~280 120~145 260~280         
  Sep. facultative 8.6~8.5 152~118 90~110 200~240   37 high     
  2001 aerobic 8.95~8.9 76~46 163.6~46.25 235.7~166.4         
    effluent 8.6 81.9 55.6 132.06 5.43       79.12 72.78  
   influent 6.6 279.4 300 560.6         
   anaerobic 7.9~7.6 210~230 120~100 249.9~249         
  Oct. facultative 8.5~8.6 232~158 80~95 133.5~138.7   30 high     
  2001 aerobic 8.9~8.7 68 65~66.7 130.7~135.6         
    effluent 8.4 92.3 61.5 167.3 6.3       79.5 67  
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Table C.1  continued….. 
  
                          
   influent 7.5 217.7 301.5 540.8         
   anaerobic 7.2 92~120 155~140 305.33~275         
  Nov. facultative 8.05~7.9 136~102 76.6~80 132~146.7   32 high     
  2001 aerobic 8.8~8.85 85~70 40~50 100~120         
    effluent 8.7 63.7 40.3 105.2 6.62       86.63 71  
   influent 7.65 328.5 373.3 440         
   anaerobic  198~146 115~105 300~320  28       
  Dec. facultative  80~80.55 77.5~83.5 180~160  24 29 low     
  2001 aerobic  90~70 78.5 146~240  23       
    effluent 8.95 76.75 63.28 164.4 5.79      83.04 76.36  
   influent 7.5 214.5 330 440          
   anaerobic  194~124 150~100 288~300  21~19       
  Jan. facultative  13094 110~80 280~164  20~18 22~25 low     
  2002 aerobic  98~89 75~63.3 225~179.3  18       
    effluent 7.8 83.5 60.7 168.3 4.9       81.6 61  
   influent 7.45 323.5 315.5 645         
   anaerobic             
  Feb. facultative             
  2002 aerobic             
    effluent 7.5 89.5 48.9 171.48 5       84.3 72.33  
   influent 7.2 242 297.5 515         
   anaerobic  112~120 70~100 360~260  29       
  Mar. facultative  120~204 53.3~106.6 280~240  28 29 high     
  2002 aerobic  130~88 70~130 180  30       
    effluent 7.2 84.5 45.4 180 5.05       84.7 65.1  
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Table C.1  continued…. 
  
                          
   influent 6.85 438 397.75 532.5        
   anaerobic 5~7 240~380 170~230 124~140  32      
  Apr. facultative 8 100~150 59~80 128~146  31 39 high    
  2002 aerobic 8.5 140~180 122~130 142~158 5.5 30      
   effluent 8.2 110 44 135.13 5.12    89.4 69.44   
   influent 6.55 307 277.4 467.5        
   anaerobic            
  May facultative       39.5 high    
  2002 aerobic            
   effluent 7.3 101 41.8 178.8 5.3    84.9 67.7  
   influent            
   influent 6.7 264 296.9 495        
   anaerobic 7.5 138~144 118~134 280~300  31      
  Jun. facultative 8.2 96~160 40~54 150~100  31 39 high    
  2002 aerobic 8.9 110~115 34~28 100~95 6.5 30      
   effluent 8.1 123.2 39 143.7 2.95    86.7 53.3  
   influent 6.85 274.5 240.25 390        
   anaerobic            
  Jul. facultative       35 med. To low    
  2002 aerobic            
   effluent 8.68 122 40.62 163.3 3.74    83.09 55.56  
   influent 6.9 322 204.68 452.5        
   anaerobic 6.9 116~132 140~132 260~280  23      
  Aug. facultative 7.95 94~70 37~48 93.3~120  21 23 v. low    
  2002 aerobic 8.1 100~72 47~38 100~140 7.5 19.1      
   effluent 8.04 74.87 33.95 188.33 3.75    83.4 76.7  
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Table C.1  continued….. 
  
                          
    influent 6.35 262.8 299.4 490         
   anaerobic 7.2 134~126 240~275 240~220         
  Sep. facultative 7.9 182~80 50~37 240~180   35 high     
  2002 aerobic 8.4 110~84 32~30 160~140 4.5        
    effluent 8.1 96.7 30.9 136 4.8       89.6 63.2  
   influent 6.8 246.7 204.2 550         
   anaerobic             
  Oct. facultative             
  2002 aerobic             
    effluent 8.1 89.2 29.2 156.4 3.7       85 64  
   influent 6.8 254 243.3 520         
   anaerobic 7.72~7.65 116~142 90~82 260~280         
  Nov. facultative 8.01~7.71 106~152 100~116 180~240         
  2002 aerobic 8.1~7.9 110~120 55~50 140~160         
    effluent 7.62 86 48 133.3              
   influent 7.2 214 296.67 595         
   anaerobic 6.8 124~116 185~120 200~220  25       
  Dec. facultative 7.85 82~96 73~86 160~190  22 25 low     
  2002 aerobic 8.2 55~70 60~47 160~120 6.5 20       
    effluent 8.03 61 42.5 144 5.81       85.6 71.49  
   influent 7.1 306.7 325 560         
   anaerobic 7.9~7.4 162~166 148.5~141.2 320  24       
  Jan. facultative 8.3~7.9 92~85 66.6~73.3 266.6  21 29 med. To high     
  2003 aerobic 8~7.9 112~82 66.6~73.3 166.6~150 6.2 20       
    effluent 8.2 116.7 54.8 140.7 4.9       83.1 62  
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Table C.1  continued…. 
  
                          
   influent 7.05 284.3 399.2 438.5         
   anaerobic 6.5~6.85 104~250 160~260 240~430  30       
  Feb. facultative 8.3~8.5 120~140 75~100 140~200  25 34 all day     
  2003 aerobic 8.16~8.12 68~104 70~85 130~160 5.6 22       
    effluent 8.11 87.28 60.9 177.9         84.7 69  
   influent 7.2 306 427 306         
   anaerobic 6.7 142`136 177.5~162.5 264~277  26       
  Mar. facultative 7.9 146~154 160~154 194.6~250.6  24 31 high     
  2003 aerobic 8.2 119~132 127~136.6 185.4~204.6 4.3 23       
    effluent 8 107 99.5 130 4.3       77 65  
   influent             
   anaerobic             
  Apr. facultative             
  2003 aerobic             
    effluent                      
   influent 7.07 298 383.3 671         
   anaerobic 7~7.05 160~320 190~220 240~373.3         
  May facultative 7.9~7.95 160~180 165~180 240~320   38 high     
  2003 aerobic 8.1~7.99 60 87~93 320~200         
    effluent 8.03 105.2 80.71 239.27 4.55       78.9 64.6  
   influent 7.6 239 377 670         
   anaerobic 6.8~7.11 100~90 167.5~175 306.65~320  27       
  Jun. facultative 8~7.99 118~100 130~138 240~320  25 35 med.     
  2003 aerobic 7.6~7.9 158~120 121.5~120.5 160~220         
    effluent 7.9 93.6 78 156.6         79.3 61.6  
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Table C.1  continued…. 
  
                          
    influent             
   anaerobic             
  Jul. facultative             
  2003 aerobic             
    effluent                      
   influent 6.8 273 310 473.3         
   anaerobic 6.8~6.9 160~175 180~170 220~200  25       
  Aug. facultative 7.8~7.6 120~130 67~70 160~180  23 30 med     
  2003 aerobic 8.1~8.2 100~140 37.5~50 120~170  22.5       
    effluent 8.2 94.1 54.125 171.1 2.2       82.6 65.3  
   influent 7.1 279.1 342.5 460         
   anaerobic 7.1~7.0 120 212.2~220 394.4~417.6  31~31.5  high 37.9~35.7 59.6  
  Sep. facultative 8.1~8.2 115~90 76.65~74.8 360~200  27 32  77~78 83.1~67.7  
  2003 aerobic 8.5~8.55 110~80 96.65~106.65 240~200  24       
    effluent 7.9 117.14 52.9 170 2.3       84 65.3  
   influent  210 336.7 540         
   anaerobic 6.95~7 60~50 145~102.5 250~210  30  Moderate 56.9~69.6 71~76  
  Oct. facultative 8.1~7.95 120~160 120~110 310~285  26 32~35 high 75.25~77.24 42.8~23.8  
  2003 aerobic 8.5~8.1 180~12.5 83.3~76 260~350         
    effluent   124.17 56.7 120.8 2.717       83 41.6  
   influent 6.83 307.5 341.3 806.7         
   anaerobic 7.2~7 90~70 160~140 250  24  full     
  Nov. facultative 8.4~7.8 85~70 110~113 235~220  22 22      
  2003 aerobic 8.2~7.5 70~72 50~48 160~140  22       
    effluent 8.2 85.9 56.8 128.5 4.3       83.4 72  
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Table C.1  continued…. 
  
                          
   influent 7.12 420.5 397.5 803.12         
   anaerobic 7.8~7.4 140 165~155 252~212  25       
  Dec. facultative 8.4~8.2 120~110 123~110 240~220  22 28 high     
  2003 aerobic 8.1~8 100~98 105~104 179~175 5.4 21       
    effluent 8.09 84.05 70 155 4.6       82 79.9  
   influent  265 347 504         
   anaerobic 7.76~7.39 60~80 200~180 280.8~216  29.8   42.2~47.9 77.3~69.8  
  Jan. facultative  140~120 86.6~80 302.4~216  27.5  high 74.97~76.87 47.16~54.71  
  2004 aerobic  80~100 83.3~70.5 108~129.6  26       
    effluent   96 76.4 258.9 3.6       77.9 63.8  
   influent 7.04 338.33 361.43 620         
   anaerobic 6.9~6.95 90~150 230~250 360~300  28.9~28.95       
  Feb. facultative 8.6~8.55 120~100 90.5~95.8 220~190 3.2~3.5   high     
  2004 aerobic 8.5~8 80~120 80~85 240~200  27.5       
    effluent 8.17 82.5 75.42 184.58 4.03       79.18 70.88  
   influent 7.5 227.5 333.3 512.4         
   anaerobic 6.92 120~90 240~162.5 350~370  28       
  Mar. facultative 8.42 100~140 120~105 200~250  25  Moderate     
  2004 aerobic 8.34 80~100 77.4~90 150~140 3.4 23  high     
    effluent 8.27 112.5 95.48 168.1 3.87       71.3 60  
   influent 7.3 257.14 337.5 534.2         
   anaerobic 7.1~7.15 98~120 195~175 211.2~230.4  30~31       
  Apr. facultative 7.95 106.7~133.3 105~70.5 345.6~307.2  28~27.5  high     
  2004 aerobic 8.55~8.51 80~85 73~56.25 230.4~249.6  28       
    effluent 8.45 104.2 65.5 168.66 4.2       80.41 59.47  
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Table C.1  continued…. 
  
                          
    influent 7.47 276 358.75 643.93         
   anaerobic 6.9 100~80 195~180 227.2~312  32       
  May facultative 8.9 120~80 159.9~153.02 300~202.4  29  high     
  2004 aerobic 8.95 60~100 52.5~61.25 212~244  28       
    effluent 8.32 68 72.125 232.5 3.75       79.79 75.36  
   influent 7.13 256.66 347.5 566         
   anaerobic 7.5~7.55 110~90 105~155 216~340  31   67.18 57  
  Jun. facultative 8.1~8 110~220 83~95 210~240 4.6 28 34 high 74 57  
  2004 aerobic 8.5~8.55 120~110 62.5~72.5 140~180  27       
    effluent 8.2 86.66 63 177.98 2.98       80.3 66.24  
   influent 7.03 230 310.625 622.8         
   anaerobic 6.5 130~80 120~107.5 216~340  30       
  Jul. facultative 7.95 120~80 78.3~73.3 210~240  28  med     
  2004 aerobic 8.1 90~120 67.5~60 140~240 4.5        
    effluent 8.12 95 52.5 225.7 2.85       82.39 58.78  
   influent 6.93 255 322.8 496.7         
   anaerobic 6.9~6.95 140~100 192.5~132.5 208~228.8  29       
  Aug. facultative 7.5~7.85 80~160 94.95~98.3 145.6~124.8 4.4 25 31 high     
  2004 aerobic 8.7~8.75 100~80 63.75~66.25 210~180 5.6 24       
    effluent 8.39 77.5 54.29 166.89 3       83.1 58.78  
   influent 6.87 245 326.25 450         
   anaerobic 6.99~7.1 80~100 192.5~152.5 220~200  30~31       
  Sep. facultative 7.95~7.85 120~140 106.65~90 240~260  28  high     
  2004 aerobic  100~80 63.75~61.25 200~180  25       
    effluent 7.95 95 59.25 146.65 2.675       81.83 61.22  
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Table C.1  continued…. 
  
                          
   influent 6.97 277.5 303.75 522.5         
   anaerobic 7.55~7.5 120 145~147.5 200~220  31       
  Oct. facultative 8.15~8.1 180~160 126.6~136.6 250~200  28 32 high     
  2004 aerobic 8.5~8.55 180 86.65~89.55 160.7~150  27       
    effluent 8.39 92.5 54.25 162.57 4.72       82.13 66.66  
   influent 6.81 312 355 560         
   anaerobic 7.3~7.4 100 207.5~147.5 220~260  26.2~25       
  Nov. facultative 7.61~7.52 60~80 110~83.3 200~140  24.9~24.3 27 high     
  2004 aerobic 7.65~7.7 20 50~33.3 110.66~90.55  24.3~24.9       
    effluent 7.78 98 56.66 139.66 4.51       84 68.58   
 
  
The left hand side values are west train's and the right hand side values are east train's.  
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Table C.2  Rain Fall Intensity in Khartoum City.  
    
 
Year Annual fall cm 
 
 
1997 158.4 
 
 
1998 110.6 
 
 
1999 130.4 
 
 
2000 60 
 
 
2001 127.8 
 
 
2002 74.2 
 
 
2003 115 
 
 
2004 95 
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The least-square estimates are calculated as follows27: M2*M3 = M1 
Hence, M3 = M2* M1-1 
Where:  
 
 
 
 
M1 =  
 
 
 
 
 
 
 
 
 
   
 M2 = 
 
 
 
                                                 
27From www.hec.usace.army.mil/publications/ComputerProgramDocumentation/CPD-32.pdf, May 
2006. 
n X1 X2 X3 X4 …… Xn 
X1 X1*X1 X1*X2 X1*X3 X1*X4 …… X1*Xn 
…
…
…
 
 X2*X2 X2*X3 X2*X4 …… X2*Xn 
 
  X3*X3 X3*X4 …… X3*Xn 
…
…
…
. 
   X4*X4 …. X4*Xn 
 
Xn 
      
Xn*Xn 
Y   βo 
X1*Y   β1 
X2*Y  β2 
X3*Y  M3 = β3 
…
…
.. 
  
…
…
…
.. 
Xn *Y   βn 
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Table E.1.1.1  One variable Summer BOD ANOVA.  
 
  Source df   SS   MS R² % 
  Regression k = 1 SSY-SSE = 0.0078 0.007768   
             21.6044 
  Residual n - k - 1 = 20 SSE = 0.0282 0.001409   
  Total n - 1 = 21 SSY = 0.036     
 
 
 
Table E.1.1.2  Two variables Summer BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 2 SSY-SSE = 0.013763 0.006882   
            38.27774
   Residual n - k - 1 = 19 SSE = 0.022193 0.001168   
  Total n - 1 = 21 SSY = 0.035956     
 
 
 
Table E.1.1.3  Three variables Summer BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 3 SSY-SSE = 0.018867 0.006289   
            52.4708
  Residual n - k - 1 = 18 SSE = 0.01709 0.000949   
   Total n - 1 = 21 SSY = 0.035956     
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Table E.1.1.4  Four variables Summer BOD ANOVA.  
 
  Source df   SS   MS R² % 
  Regression k = 4 SSY-SSE = 0.01995 0.004988   
            55.48532
  Residual 
N - k - 1 
= 17 SSE = 0.016006 0.000942   
  Total n - 1 = 21 SSY = 0.035956     
 
 
 
Table E.1.1.5  Five variables Summer BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 5 SSY-SSE = 0.020415 0.004083   
            56.77687
  Residual n - k - 1 = 16 SSE = 0.015541 0.000971   
  Total n - 1 = 21 SSY = 0.035956     
         
 
 
 
Table E.1.1.6  Six variables Summer BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 6 SSY-SSE = 0.0221 0.003683   
            61.46493
  Residual n - k - 1 = 15 SSE = 0.013856 0.000924   
  Total n - 1 = 21 SSY = 0.035956     
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Table E.1.1.7  Seven variables Summer BOD ANOVA. 
 
   Source df   SS   MS R² % 
   Regression k = 7 SSY-SSE = 0.022635 0.003234   
              62.95256
   Residual n - k - 1 = 14 SSE = 0.013321 0.000951   
   Total n - 1 = 21 SSY = 0.035956     
          
          
          
 
 
Table E.1.1.8  Eight variables Summer BOD ANOVA and corresponding Least-
Square estimates' values. 
 Source df   SS   MS R² % 
 Regression k = 8 SSY-SSE = 0.023529 0.002941   
            65.43665 
 Residual n - k - 1 =  13 SSE = 0.012428 0.000956   
 Total n - 1 =  21 SSY = 0.035956     
        
        
   ßo = 0.002532    
   ß1 = 0.378006    
   ß2 = 0.014586    
   ß3 = 0.937221    
   ß4 = 1.152646    
   ß5 = -1.95866    
   ß6 = 0.193495    
   ß7 = -0.17767    
   ß8 = -1.02258    
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Table E.2.1.1  Summer BOD Regression.  
 
BOD COD N³ COD*phi TSS³ COD*TSS*do do*t t*N COD²  Model     
Y X1 X2 X3 X4 X5 X6 X7 X8 Ŷ8 SSE SSY-SSE 
0.1071 0.127 0.889 0.12203 0.0176 0.024537658 0.6126 0.794 0.0161 0.1112 2E-05 0.004597 
0.1718 0.1993 0.9546 0.1928 0.0169 0.03660987 0.6356 0.875 0.0397 0.1472 6E-04 0.001009 
0.1572 0.2251 1 0.21607 0.0041 0.017920922 0.4614 0.929 0.0507 0.1467 1E-04 0.00104 
0.1331 0.1497 0.7865 0.14075 0.0157 0.036038314 0.8879 0.853 0.0224 0.1474 2E-04 0.000999 
0.2074 0.2098 0.889 0.1853 0.0167 0.049903988 0.8487 0.876 0.044 0.1534 0.003 0.000653 
0.1833 0.2477 0.9546 0.24767 0.0136 0.059109504 0.9367 0.922 0.0613 0.1967 2E-04 0.000315 
0.1523 0.3581 1 0.34184 0.0792 0.112695023 0.7087 0.967 0.1282 0.1776 6E-04 2E-06 
0.187 0.2455 0.2963 0.22449 0.0058 0.032171312 0.5535 0.506 0.0603 0.2092 5E-04 0.000915 
0.2097 0.3714 0.2634 0.32704 0.0438 0.087794037 0.5434 0.519 0.138 0.2036 4E-05 0.000605 
0.1966 0.3145 0.8041 0.29117 0.0385 0.042698569 0.3767 0.871 0.0989 0.1838 2E-04 2.29E-05 
0.172 0.4281 1 0.38365 0.0818 0.080259084 0.4045 0.937 0.1833 0.2 8E-04 0.000442 
0.1526 0.3495 0.7865 0.32682 0.0426 0.083172506 0.5004 0.678 0.1222 0.1901 0.001 0.000123 
0.1106 0.2538 0.889 0.22575 0.0158 0.044035455 0.6822 0.949 0.0644 0.1525 0.002 0.000702 
0.1507 0.3825 0.9546 0.32534 0.0356 0.089996695 0.7152 0.985 0.1463 0.1446 4E-05 0.001183 
0.133 0.1652 1 0.13943 0.1018 0.030708654 0.3931 0.987 0.0273 0.1402 5E-05 0.001503 
0.233 0.4248 0.7865 0.39725 0.0428 0.086205411 0.4554 0.724 0.1805 0.2022 1E-03 0.000538 
0.2106 0.3566 0.9546 0.32741 0.044 0.077296244 0.5907 0.947 0.1272 0.1734 0.001 3.13E-05 
0.2069 0.2337 0.3767 0.2307 0.0601 0.045088892 0.4365 0.64 0.0546 0.2084 2E-06 0.000865 
0.2865 0.3281 0.5524 0.31954 0.1209 0.084727125 0.4231 0.665 0.1076 0.2612 6E-04 0.006762 
0.1941 0.3157 0.889 0.29932 0.0665 0.07251659 0.4735 0.803 0.0997 0.197 9E-06 0.000325 
0.2011 0.3611 0.9546 0.35028 0.015 0.045019139 0.4484 0.872 0.1304 0.2087 6E-05 0.000885 
0.1813 0.3145 1 0.29117 0.0385 0.042698569 0.3462 0.861 0.0989 0.1826 2E-06 1.27E-05 
                   
                0.012 0.023529 
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Table E.1.1.9  One variable Summer COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 1 SSY-SSE = 0.3021 0.302102   
              70.35728
  Residual n - k - 1 = 20 SSE = 0.1273 0.006364   
  Total n - 1 = 21 SSY = 0.4294     
 
 
 
 
Table E.1.1.10  Two variables Summer COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 2 SSY-SSE = 0.318077 0.159039   
            74.07783
   Residual n - k - 1 = 19 SSE = 0.111305 0.005858   
  Total n - 1 = 21 SSY = 0.429382     
 
 
 
 
Table E.1.1.11  Three variables Summer COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 3 SSY-SSE = 0.333428 0.111143   
            77.65288
  Residual n - k - 1 = 18 SSE = 0.095955 0.005331   
   Total n - 1 = 21 SSY = 0.429382     
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Table E.1.1.12  Four variables Summer COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 4 SSY-SSE = 0.350717 0.087679   
            81.67935
  Residual n - k - 1 = 17 SSE = 0.078666 0.004627   
  Total n - 1 = 21 SSY = 0.429382     
 
 
 
 
Table E.1.1.13  Five variables Summer COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 5 SSY-SSE = 0.356458 0.071292   
            83.0166 
  Residual n - k - 1 = 16 SSE = 0.072924 0.004558   
  Total n - 1 = 21 SSY = 0.429382     
         
 
 
 
 
Table E.1.1.14  Six variables Summer COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 6 SSY-SSE = 0.361858 0.06031   
            84.274
  Residual n - k - 1 = 15 SSE = 0.067525 0.004502   
  Total n - 1 = 21 SSY = 0.429382     
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Table E.1.1.15  Seven variables Summer COD ANOVA and corresponding Least-
Square estimates' values. 
 
 Source df   SS   MS R² % 
 Regression k = 7 SSY-SSE = 0.365787 0.052255   
            85.1891 
 Residual n - k - 1 =  14 SSE = 0.063595 0.004543   
 Total n - 1 =  21 SSY = 0.429382     
        
        
   ßo = 1.330365    
   ß1 = -4.95253    
   ß2 = -0.30465    
   ß3 = 1.433643    
   ß4 = -2.64691    
   ß5 = -1.30161    
   ß6 = -0.25555    
   ß7 = 7.533659    
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Table E.2.1.2  Summer COD Regression. 
 
COD BOD do³ TSS*do BOD*TSS N phi*phe BOD*N Model     
Y X1 X2 X3 X4 X5 X6 X7 Ŷ7 SSE SSY-SSE 
0.12697 0.10713 0.408915379 0.19325 0.027893 0.961538462 0.9199 0.103 0.1679 0.00167 0.000124 
0.19927 0.17183 0.36590891 0.18372 0.044137 0.984615385 0.8934 0.1692 0.2791 0.00638 0.010031 
0.22513 0.15719 0.122486671 0.0796 0.025194 1 0.7933 0.1572 0.2419 0.00028 0.003952 
0.1497 0.13308 0.8871261 0.24074 0.033342 0.923076923 0.8471 0.1228 0.1654 0.00025 0.000185 
0.20983 0.20736 0.807407256 0.23783 0.052961 0.961538462 0.8304 0.1994 0.2965 0.00752 0.013818 
0.24767 0.18329 1 0.23866 0.043744 0.984615385 0.991 0.1805 0.1691 0.00617 9.79E-05 
0.35812 0.15229 0.393500116 0.31469 0.065397 1 0.9545 0.1523 0.3361 0.00049 0.02467 
0.24554 0.18705 0.387013982 0.13103 0.03363 0.666666667 0.834 0.1247 0.2435 4.1E-06 0.004161 
0.37142 0.20975 0.301727255 0.23638 0.07392 0.641025641 0.7873 0.1345 0.3202 0.00262 0.019951 
0.31445 0.19657 0.065042042 0.13579 0.06637 0.92991453 0.8572 0.1828 0.3037 0.00012 0.015549 
0.42814 0.17204 0.080536975 0.18746 0.074681 1 0.8174 0.172 0.3105 0.01385 0.017286 
0.34951 0.15261 0.316533376 0.23797 0.053286 0.923076923 0.7582 0.1409 0.3443 2.8E-05 0.027316 
0.25377 0.11062 0.329879448 0.17353 0.027782 0.961538462 0.8215 0.1064 0.1971 0.00321 0.000328 
0.38246 0.15068 0.36590891 0.23531 0.049574 0.984615385 0.6993 0.1484 0.3362 0.00214 0.024715 
0.16517 0.133 0.063097394 0.18592 0.062112 1 0.77 0.133 0.2582 0.00865 0.006271 
0.42484 0.23302 0.195411781 0.20291 0.081481 0.923076923 0.8424 0.2151 0.3957 0.00085 0.046971 
0.35659 0.21057 0.23151523 0.21677 0.074334 0.984615385 0.8303 0.2073 0.3992 0.00181 0.048477 
0.23373 0.2069 0.119515428 0.19291 0.081027 0.722222222 0.8781 0.1494 0.2927 0.00347 0.012919 
0.32806 0.28647 0.142455188 0.25826 0.14166 0.820512821 0.9071 0.2351 0.3345 4.2E-05 0.024185 
0.31572 0.19407 0.182092998 0.22968 0.078644 0.961538462 0.9021 0.1866 0.3586 0.00184 0.032263 
0.36106 0.20106 0.1296102 0.12468 0.049536 0.984615385 0.909 0.198 0.3203 0.00166 0.019968 
0.31445 0.18129 0.065042042 0.13579 0.061213 1 0.8551 0.1813 0.291 0.00055 0.012549 
                      
6.3616               6.3616 0.0636 0.365787 
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Table E.1.1.16  One variable Summer TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 1 SSY-SSE = 0.5013 0.501333   
              78.91455
  Residual n - k - 1 = 20 SSE = 0.134 0.006698   
  Total n - 1 = 21 SSY = 0.6353     
 
 
 
 
Table E.1.1.17  Two variables Summer TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 2 SSY-SSE = 0.518545 0.259273   
            81.6239
   Residual n - k - 1 = 19 SSE = 0.116741 0.006144   
  Total n - 1 = 21 SSY = 0.635286     
 
 
 
 
 
Table E.1.1.18  Three variables Summer TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 3 SSY-SSE = 0.527679 0.175893   
            83.06164
  Residual n - k - 1 = 18 SSE = 0.107607 0.005978   
   Total n - 1 = 21 SSY = 0.635286     
 
 
App. E                                           Regression & ANOVA Tables 
 102
Table E.1.1.19  Four variables Summer TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 4 SSY-SSE = 0.530781 0.132695   
            83.5499 
  Residual n - k - 1 = 17 SSE = 0.104505 0.006147   
  Total n - 1 = 21 SSY = 0.635286     
 
 
 
 
 
Table E.1.1.20  Five variables Summer TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 5 SSY-SSE = 0.535644 0.107129   
            84.31538
  Residual n - k - 1 = 16 SSE = 0.099642 0.006228   
  Total n - 1 = 21 SSY = 0.635286     
         
 
 
 
Table E.1.1.21  Six variables Summer TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 6 SSY-SSE = 0.544801 0.0908   
            85.75678
  Residual n - k - 1 = 15 SSE = 0.090485 0.006032   
  Total n - 1 = 21 SSY = 0.635286     
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Table E.1.1.22  Seven variables Summer TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 7 SSY-SSE = 0.554748 0.07925   
             87.32257
  Residual n - k - 1 = 14 SSE = 0.080538 0.005753   
  Total n - 1 = 21 SSY = 0.635286     
         
         
         
 
 
 
Table E.1.1.23  Eight variables Summer TSS ANOVA and corresponding Least-
Square estimates' values. 
 
 Source df   SS   MS R² % 
 Regression k = 8 SSY-SSE = 0.556573 0.069572   
            87.60986 
 Residual n - k - 1 =  13 SSE = 0.078713 0.006055   
 Total n - 1 =  21 SSY = 0.635286     
        
   ßo = 0.369479    
   ß1 = 0.220299    
   ß2 = -10.5103    
   ß3 = 0.726693    
   ß4 = 19.95658    
   ß5 = -0.55587    
   ß6 = 2.340422    
   ß7 = -1.08976    
   ß8 = 0.342737    
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Table E.2.1.3  Summer TSS Regression.  
 
TSS do BOD*COD*do t*phe BOD³ phi COD*do do*t do² Model     
Y X1 X2 X3 X4 X5 X6 X7 X8 Ŷ8 SSE SSY-SSE 
0.2604 0.7422 0.010096422 0.79 0.0012 0.961038961 0.09424 0.613 0.5509 0.2331 7E-04 0.002929 
0.2569 0.7152 0.024490767 0.82056 0.0051 0.967532468 0.14253 0.636 0.5116 0.2457 1E-04 0.004444 
0.1603 0.4966 0.017574611 0.76798 0.0039 0.95974026 0.11181 0.461 0.2466 0.2396 0.006 0.003679 
0.2505 0.9609 0.019141587 0.83248 0.0024 0.94025974 0.14384 0.888 0.9233 0.1948 0.003 0.00025 
0.2554 0.9312 0.040515605 0.857 0.0089 0.883116883 0.19539 0.849 0.8671 0.2882 0.001 0.011933 
0.2387 1 0.045394563 0.92827 0.0062 1 0.24767 0.937 1 0.2559 3E-04 0.005907 
0.4294 0.7328 0.039964132 0.96709 0.0035 0.954545455 0.26243 0.709 0.537 0.3795 0.002 0.040197 
0.1798 0.7287 0.033468543 0.69278 0.0065 0.914285714 0.17893 0.553 0.5311 0.3017 0.015 0.015059 
0.3524 0.6707 0.052251717 0.72437 0.0092 0.880519481 0.24912 0.543 0.4499 0.3342 3E-04 0.024101 
0.3376 0.4022 0.024857952 0.86709 0.0076 0.925974026 0.12646 0.377 0.1617 0.4047 0.004 0.050923 
0.4341 0.4318 0.031808505 0.85443 0.0051 0.896103896 0.18489 0.405 0.1865 0.4105 6E-04 0.053607 
0.3492 0.6815 0.036350244 0.59528 0.0036 0.935064935 0.2382 0.5 0.4645 0.2927 0.003 0.012932 
0.2511 0.691 0.019396636 0.91173 0.0014 0.88961039 0.17534 0.682 0.4774 0.3435 0.009 0.027047 
0.329 0.7152 0.041220512 0.82207 0.0034 0.850649351 0.27355 0.715 0.5116 0.3228 4E-05 0.020668 
0.467 0.3981 0.008745759 0.90062 0.0024 0.844155844 0.06576 0.393 0.1585 0.3773 0.008 0.039332 
0.3497 0.5803 0.057447003 0.70704 0.0127 0.935064935 0.24653 0.455 0.3367 0.3362 2E-04 0.024703 
0.353 0.614 0.046104938 0.86994 0.0093 0.918181818 0.21896 0.591 0.377 0.3262 7E-04 0.021676 
0.3916 0.4926 0.02382017 0.78829 0.0089 0.987012987 0.11513 0.436 0.2426 0.3056 0.007 0.016018 
0.4945 0.5223 0.0490827 0.75448 0.0235 0.974025974 0.17134 0.423 0.2728 0.4781 3E-04 0.089445 
0.4052 0.5668 0.034730163 0.79499 0.0073 0.948051948 0.17895 0.474 0.3213 0.3388 0.004 0.025545 
0.2464 0.5061 0.036738497 0.8302 0.0081 0.97012987 0.18272 0.448 0.2561 0.3478 0.01 0.028508 
0.3376 0.4022 0.022926543 0.79485 0.006 0.925974026 0.12646 0.346 0.1617 0.3731 0.001 0.037671 
                  
7.1299                 7.1299 0.079 0.556573 
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Table E.1.2.1  One variable Autumn BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 1 SSY-SSE = 0.005991 0.005991   
              27.46898
  Residual n - k - 1 = 22 SSE = 0.01582 0.000719   
  Total n - 1 = 23 SSY = 0.021811     
 
 
 
 
 
Table E.1.2.2  Two variables Autumn BOD ANOVA.  
 
  Source df   SS   MS R² % 
  Regression k = 2 SSY-SSE = 0.008624 0.004312   
            39.54035
   Residual n - k - 1 = 21 SSE = 0.013187 0.000628   
  Total n - 1 = 23 SSY = 0.021811     
 
 
 
 
 
Table E.1.2.3  Three variables Autumn BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 3 SSY-SSE = 0.011279 0.00376   
            51.71203
  Residual n - k - 1 = 20 SSE = 0.010532 0.000527   
   Total n - 1 = 23 SSY = 0.021811     
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Table E.1.2.4  Four variables Autumn BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 4 SSY-SSE = 0.01314 0.003285   
            60.24511
  Residual n - k - 1 = 19 SSE = 0.008671 0.000456   
  Total n - 1 = 23 SSY = 0.021811     
 
 
 
 
Table E.1.2.5  Five variables Autumn BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 5 SSY-SSE = 0.013952 0.00279   
            63.96921
  Residual n - k - 1 = 18 SSE = 0.007859 0.000437   
  Total n - 1 = 23 SSY = 0.021811     
         
 
 
 
 
Table E.1.2.6  Six variables Autumn BOD ANOVA. 
 
  Source df  SS  MS R² % 
  Regression k = 6 SSY-SSE = 0.014572 0.002429  
      66.81032
  Residual n - k - 1 = 17 SSE = 0.007239 0.000426  
  Total n - 1 = 23 SSY = 0.021811   
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Table E.1.2.7  Seven variables Autumn BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 7 SSY-SSE = 0.015095 0.002156   
            69.20808
  Residual n - k - 1 = 16 SSE = 0.006716 0.00042   
  Total n - 1 = 23 SSY = 0.021811     
         
         
         
 
 
 
Table E.1.2.8  Eight variables Autumn BOD ANOVA and corresponding Least-
Square estimates' values. 
 
 Source df   SS   MS R² % 
 Regression k = 8 
SSY-SSE 
= 0.015374 0.001922   
            70.48939 
 Residual n - k - 1 =  15 SSE = 0.006437 0.000429   
 Total n - 1 =  23 SSY = 0.021811     
        
   ßo = -0.33563    
   ß1 = 0.021527    
   ß2 = 0.913449    
   ß3 = -0.94415    
   ß4 = -0.82649    
   ß5 = 1.774117    
   ß6 = 0.081764    
   ß7 = 0.106094    
   ß8 = -0.60805    
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Table E.2.2.1  Autumn BOD Regression.  
 
BOD phi*phe t COD COD²  COD*phi do*t TSS*p t² Model      
Y X1 X2 X3 X4 X5 X6 X7 X8 Ŷ8 SSE SSY-SSE 
0.113003 0.781048 0.962162 0.113006 0.01277 0.096538 0.56753 0.077291 0.925756026 0.105792 5.1997E-05 0.004176 
0.216231 0.943862 0.843243 0.21501 0.046229 0.205286 0.669736 0.112309 0.711059167 0.21226 1.5764E-05 0.001751 
0.125011 0.891371 0.916216 0.119987 0.014397 0.112751 0.552997 0.030906 0.839452155 0.133395 7.028E-05 0.00137 
0.155767 0.842742 0.918919 0.134108 0.017985 0.125179 0.453787 0.124931 0.84441198 0.139414 0.00026743 0.000961 
0.2054 0.882955 0.778378 0.212026 0.044955 0.203236 0.309643 0.171185 0.6058729 0.192695 0.00016143 0.000497 
0.158303 0.928841 1 0.188971 0.03571 0.180899 0.754458 0.123583 1 0.177573 0.00037135 5.13E-05 
0.182872 0.869714 0.864865 0.186207 0.034673 0.186207 0.489971 0.032138 0.747991234 0.187651 2.2836E-05 0.000297 
0.221046 0.905671 0.891892 0.258929 0.067044 0.247218 0.464909 0.08432 0.795471147 0.200557 0.00041981 0.000909 
0.192722 0.896818 0.77027 0.197281 0.03892 0.181915 0.77027 0.088922 0.593316289 0.20324 0.00011063 0.001078 
0.176712 0.954774 0.864865 0.211378 0.04468 0.201818 0.640641 0.05484 0.747991234 0.19987 0.00053627 0.000868 
0.139594 0.660079 0.864865 0.327397 0.107189 0.264468 0.740296 0 0.747991234 0.145803 3.8549E-05 0.000606 
0.181757 0.781714 0.945946 0.411648 0.169454 0.353728 0.484003 0.283573 0.894813733 0.16969 0.00014562 5.2E-07 
0.208826 0.901364 1 0.269422 0.072588 0.247083 0.744856 0.133423 1 0.188221 0.00042457 0.000317 
0.205 0.79598 0.810811 0.29843 0.089061 0.247442 0.700701 0.040471 0.657414171 0.16761 0.00139798 7.84E-06 
0.169074 0.853668 0.945946 0.418718 0.175325 0.360329 0.4853 0.189162 0.894813733 0.161512 5.7177E-05 7.92E-05 
0.165869 0.796497 0.702703 0.416199 0.173222 0.360775 0.361473 0.148443 0.493791088 0.172398 4.2626E-05 3.95E-06 
0.103206 0.738478 0.945946 0.277551 0.077035 0.221413 0.622845 0.130507 0.894813733 0.132121 0.00083607 0.001466 
0.142997 0.790811 0.864865 0.284364 0.080863 0.242924 0.438957 0 0.747991234 0.148145 2.6497E-05 0.000496 
0.174613 0.800574 0.810811 0.361504 0.130685 0.308823 0.244689 0.303982 0.657414171 0.173324 1.6619E-06 8.48E-06 
0.154453 0.805312 0.864865 0.369565 0.136578 0.329637 0.272865 0.18507 0.747991234 0.18186 0.00075117 0.000131 
0.169014 0.819578 0.891892 0.362396 0.131331 0.320055 0.348682 0.188071 0.795471147 0.178609 9.2069E-05 6.72E-05 
0.168185 0.834784 0.837838 0.335998 0.112894 0.292521 0.344789 0.221415 0.701972243 0.180943 0.00016278 0.000111 
0.181609 0.784156 0.864865 0.325889 0.106204 0.281263 0.317948 0.141245 0.747991234 0.160962 0.00042632 8.93E-05 
0.178601 0.839602 0.864865 0.311139 0.096807 0.272442 0.559967 0.030355 0.747991234 0.176221 5.6654E-06 3.38E-05 
                    0.00643655 0.015374 
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Table E.1.2.9  One variable Autumn COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 1 SSY-SSE = 0.371294 0.371294   
              80.41807
  Residual n - k - 1 = 22 SSE = 0.090411 0.00411   
  Total n - 1 = 23 SSY = 0.461704     
 
 
 
 
 
Table E.1.2.10  Two variables Autumn COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 2 SSY-SSE = 0.402594 0.201297   
            87.19735
   Residual n - k - 1 = 21 SSE = 0.05911 0.002815   
  Total n - 1 = 23 SSY = 0.461704     
 
 
 
 
Table E.1.2.11  Three variables Autumn COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 3 SSY-SSE = 0.412228 0.137409   
            89.28411
  Residual n - k - 1 = 20 SSE = 0.049476 0.002474   
  Total n - 1 = 23 SSY = 0.461704     
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Table E.1.2.12  Four variables Autumn COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 4 SSY-SSE = 0.424794 0.106199   
            92.00575
  Residual n - k - 1 = 19 SSE = 0.03691 0.001943   
  Total n - 1 = 23 SSY = 0.461704     
 
 
 
 
 
Table E.1.2.13  Five variables Autumn COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 5 SSY-SSE = 0.430823 0.086165   
            93.31141
  Residual n - k - 1 = 18 SSE = 0.030882 0.001716   
  Total n - 1 = 23 SSY = 0.461704     
         
 
 
 
 
Table E.1.2.14  Six variables Autumn COD ANOVA. 
 
  Source df  SS  MS R² % 
  Regression k = 6 SSY-SSE = 0.435087 0.072514  
      94.23495
  Residual n - k - 1 = 17 SSE = 0.026617 0.001566  
  Total n - 1 = 23 SSY = 0.461704   
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Table E.1.2.15  Seven variables Autumn COD ANOVA. 
 
  Source df  SS  MS R² % 
  Regression k = 7 SSY-SSE = 0.437672 0.062525  
      94.79478
  Residual n - k - 1 = 16 SSE = 0.024033 0.001502  
  Total n - 1 = 23 SSY = 0.461704   
         
         
         
 
 
 
 
Table E.1.2.16  Eight variables Autumn COD ANOVA and corresponding Least-
Square estimates' values. 
 
 Source df   SS   MS R² % 
 Regression k = 8 SSY-SSE = 0.440585 0.055073   
             95.42576 
 Residual n - k - 1 =  15 SSE = 0.021119 0.001408   
 Total n - 1 =  23 SSY = 0.461704     
        
        
   ßo = 1.612291    
   ß1 = -0.5767    
   ß2 = -1.48518    
   ß3 = 1.367745    
   ß4 = -0.03836    
   ß5 = 1.272018    
   ß6 = 0.877475    
   ß7 = -1.18519    
   ß8 = -1.48759    
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Table E.2.2.2  Autumn COD Regression. 
 
COD TSS N TSS*phi t² BOD N² phi BOD*TSS*do Model   
Y X1 X2 X3 X4 X5 X6 X7 X8 Ŷ8 SSE SSY-SSE
0.113006 0.101806 0.888889 0.08697 0.925756 0.113003 0.790123 0.854271 0.006785817 0.131353 0.00033661 0.001526
0.21501 0.264831 0.945736 0.252853 0.711059 0.216231 0.894417 0.954774 0.045481699 0.234174 0.00036728 0.004066
0.119987 0.291513 0.914729 0.273934 0.839452 0.125011 0.836729 0.939698 0.021995387 0.174899 0.00301533 2.01E-05
0.134108 0.19989 1 0.186581 0.844412 0.155767 1 0.933417 0.015375982 0.181108 0.00220898 0.000114
0.212026 0.171185 0.976744 0.164088 0.605873 0.2054 0.954029 0.958543 0.013987412 0.205669 4.041E-05 0.001243
0.188971 0.247166 0.945736 0.236609 1 0.158303 0.894417 0.957286 0.029519765 0.158142 0.00095044 0.000151
0.186207 0.257106 0.914729 0.257106 0.747991 0.182872 0.836729 1 0.026636908 0.17046 0.00024795 2.43E-09
0.258929 0.244341 0.611111 0.23329 0.795471 0.221046 0.373457 0.954774 0.028153642 0.287746 0.00083046 0.013768
0.197281 0.171784 0.976744 0.158404 0.593316 0.192722 0.954029 0.922111 0.033106527 0.196641 4.0955E-07 0.000688
0.211378 0.190698 0.945736 0.182073 0.747991 0.176712 0.894417 0.954774 0.024961948 0.158958 0.00274783 0.000131
0.327397 0.261073 0.914729 0.210892 0.747991 0.139594 0.836729 0.807789 0.031195031 0.270938 0.0031877 0.010106
0.411648 0.462948 0.611111 0.397809 0.894814 0.181757 0.373457 0.859296 0.043053055 0.423903 0.00015018 0.064258
0.269422 0.272274 0.945736 0.249698 1 0.208826 0.894417 0.917085 0.042350988 0.25439 0.00022596 0.007053
0.29843 0.330351 0.914729 0.273909 0.657414 0.205 0.836729 0.829146 0.058525102 0.33788 0.00155631 0.028046
0.418718 0.444444 0.666667 0.382468 0.894814 0.169074 0.444444 0.860553 0.038551216 0.382445 0.00131569 0.044959
0.416199 0.232516 0.434109 0.201552 0.493791 0.165869 0.18845 0.866834 0.019839013 0.409677 4.2535E-05 0.057248
0.277551 0.36796 0.893196 0.293536 0.894814 0.103206 0.797798 0.797739 0.025004692 0.289355 0.00013934 0.014148
0.284364 0.361573 0.914729 0.308881 0.747991 0.142997 0.836729 0.854271 0.026242005 0.30361 0.00037043 0.017742
0.361504 0.344689 0.705426 0.294458 0.657414 0.174613 0.497626 0.854271 0.018163455 0.362625 1.2554E-06 0.036946
0.369565 0.419706 0.945736 0.374361 0.747991 0.154453 0.894417 0.89196 0.020452236 0.342729 0.00072018 0.029694
0.362396 0.413043 0.722222 0.364786 0.795471 0.169014 0.521605 0.883166 0.02729204 0.355249 5.1073E-05 0.034165
0.335998 0.303922 0.976744 0.264595 0.701972 0.168185 0.954029 0.870603 0.021034954 0.309304 0.00071256 0.019291
0.325889 0.387755 0.945736 0.334658 0.747991 0.181609 0.894417 0.863065 0.025888246 0.367554 0.00173601 0.038865
0.311139 0.333333 0.914729 0.291876 0.747991 0.178601 0.836729 0.875628 0.038545765 0.298311 0.00016455 0.016358
          0.02111946 0.440585
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Table E.1.2.17  One variable Autumn TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 1 SSY-SSE = 0.482325 0.482325   
             83.77822
  Residual n - k - 1 = 22 SSE = 0.093391 0.004245   
  Total n - 1 = 23 SSY = 0.575716     
 
 
 
 
Table E.1.2.18  Two variables Autumn TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 2 SSY-SSE = 0.486137 0.243068   
            84.44042
   Residual n - k - 1 = 21 SSE = 0.089579 0.004266   
  Total n - 1 = 23 SSY = 0.575716     
 
 
 
 
Table E.1.2.19  Three variables Autumn TSS ANOVA. 
 
  Source df  SS  MS R² % 
  Regression k = 3 SSY-SSE = 0.494165 0.164722  
      85.83481 
  Residual n - k - 1 = 20 SSE = 0.081551 0.004078  
  Total n - 1 = 23 SSY = 0.575716   
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Table E.1.2.20  Four variables Autumn TSS ANOVA.  
 
  Source df  SS  MS R² % 
  Regression k = 4 SSY-SSE = 0.517163 0.129291  
      89.8296 
  Residual n - k - 1 = 19 SSE = 0.058553 0.003082  
  Total n - 1 = 23 SSY = 0.575716   
 
 
 
Table E.1.2.21  Five variables Autumn TSS ANOVA. 
 
  Source df  SS  MS R² % 
  Regression k = 5 SSY-SSE = 0.535762 0.107152  
      93.06015
  Residual n - k - 1 = 18 SSE = 0.039954 0.00222  
  Total n - 1 = 23 SSY = 0.575716   
         
 
 
Table E.1.2.22  Six variables Autumn TSS ANOVA and corresponding Least-Square 
estimates' values. 
 
 Source df  SS  MS R² % 
 Regression k = 6 SSY-SSE = 0.538964 0.089827  
      93.61636 
 Residual n - k - 1 = 17 SSE = 0.036752 0.002162  
 Total n - 1 = 23 SSY = 0.575716   
        
    ßo = -0.48849   
    ß1 = 0.819006   
    ß2 = -0.18161   
    ß3 = 0.11132   
    ß4 = -0.12875   
    ß5 = 0.386305   
    ß6 = 0.304931   
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Table E.2.2.3  Autumn TSS Regression. 
 
TSS COD do N p t phe Model   
Y X1 X2 X3 X4 X5 X6 Ŷ6 SSE SSY-SSE
0.101806 0.113006 0.589849 0.888889 0.759202 0.962162 0.914286 0.148633 0.002193 0.000474
0.264831 0.21501 0.794239 0.945736 0.42408 0.843243 0.988571 0.221244 0.0019 0.002584
0.291513 0.119987 0.603567 0.914729 0.10602 0.916216 0.948571 0.231537 0.003597 0.003736
0.19989 0.134108 0.493827 1 0.625 0.918919 0.902857 0.192811 5.01E-05 0.000502
0.171185 0.212026 0.397805 0.976744 1 0.778378 0.921143 0.17448 1.09E-05 1.66E-05
0.247166 0.188971 0.754458 0.945736 0.5 1 0.970286 0.252348 2.68E-05 0.006714
0.257106 0.186207 0.566529 0.914729 0.125 0.864865 0.869714 0.246171 0.00012 0.00574 
0.244341 0.258929 0.521262 0.611111 0.345092 0.891892 0.948571 0.286303 0.001761 0.013431
0.171784 0.197281 1 0.976744 0.517638 0.77027 0.972571 0.127693 0.001944 0.001825
0.190698 0.211378 0.740741 0.945736 0.287577 0.864865 1 0.257397 0.004449 0.007566
0.261073 0.327397 0.855967 0.914729 0 0.864865 0.817143 0.309306 0.002326 0.019292
0.462948 0.411648 0.51166 0.611111 0.612538 0.945946 0.909714 0.387724 0.005659 0.047225
0.272274 0.269422 0.744856 0.945736 0.490031 1 0.982857 0.325098 0.00279 0.023928
0.330351 0.29843 0.864198 0.914729 0.122508 0.810811 0.96 0.290994 0.001549 0.01454 
0.444444 0.418718 0.513032 0.666667 0.425613 0.945946 0.992 0.448608 1.73E-05 0.077393
0.232516 0.416199 0.514403 0.434109 0.63842 0.702703 0.918857 0.276739 0.001956 0.011306
0.36796 0.277551 0.658436 0.893196 0.354678 0.945946 0.925714 0.320722 0.002231 0.022593
0.361573 0.284364 0.507545 0.914729 0 0.864865 0.925714 0.370444 7.87E-05 0.040013
0.344689 0.361504 0.301783 0.705426 0.881902 0.810811 0.937143 0.316751 0.00078 0.021415
0.419706 0.369565 0.315501 0.945736 0.440951 0.864865 0.902857 0.414812 2.4E-05 0.059732
0.413043 0.362396 0.390947 0.722222 0.45533 0.891892 0.928 0.386613 0.000699 0.046743
0.303922 0.335998 0.411523 0.976744 0.728528 0.837838 0.958857 0.342943 0.001523 0.029767
0.387755 0.325889 0.367627 0.945736 0.364264 0.864865 0.908571 0.38119 4.31E-05 0.044428
          
        0.036752 0.538964
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Table E.1.3.1  One variable Winter BOD ANOVA. 
 
  Source df  SS  MS R² % 
  Regression k = 1 SSY-SSE = 0.0042 0.004228  
      14.43989
  Residual n - k - 1 = 21 SSE = 0.0251 0.001193  
  Total n - 1 = 22 SSY = 0.0293   
 
 
 
 
Table E.1.3.2  Two variables Winter BOD ANOVA. 
 
  Source df  SS  MS R² % 
  Regression k = 2 SSY-SSE = 0.005155 0.002578  
      17.60416
  Residual n - k - 1 = 20 SSE = 0.024128 0.001206  
  Total n - 1 = 22 SSY = 0.029283   
 
 
 
 
Table E.1.3.3  Three variables Winter BOD ANOVA. 
 
  Source df  SS  MS R² % 
  Regression k = 3 SSY-SSE = 0.005613 0.001871  
      19.16902
  Residual n - k - 1 = 19 SSE = 0.02367 0.001246  
  Total n - 1 = 22 SSY = 0.029283   
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Table E.1.3.4  Four variables Winter BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 4 SSY-SSE = 0.005894 0.001474   
            20.12805
  Residual n - k - 1 = 18 SSE = 0.023389 0.001299   
  Total n - 1 = 22 SSY = 0.029283     
 
 
 
 
Table E.1.3.5  Five variables Winter BOD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 5 SSY-SSE = 0.007701 0.00154   
            26.29687
  Residual n - k - 1 = 17 SSE = 0.021583 0.00127   
  Total n - 1 = 22 SSY = 0.029283     
         
 
 
 
 
Table E.1.3.6  Six variables Winter BOD ANOVA. 
 
   Source df   SS   MS R² % 
   Regression K = 6 SSY-SSE = 0.009122 0.00152   
             31.15162
   Residual n - k - 1 = 16 SSE = 0.020161 0.00126   
   Total n – 1 = 22 SSY = 0.029283     
          
          
 
 
App. E                                           Regression & ANOVA Tables 
 118
Table E.1.3.7  Seven variables Winter BOD ANOVA. 
 
   Source df   SS   MS R² % 
   Regression k = 7 SSY-SSE = 0.010039 0.001434   
             34.28303
   Residual n - k - 1 = 15 SSE = 0.019244 0.001283   
   Total n - 1 = 22 SSY = 0.029283     
          
          
          
 
 
 
 
Table E.1.3.8  Eight variables Winter BOD ANOVA and corresponding Least-Square 
estimates' values. 
 
 Source df   SS   MS R² % 
 Regression k = 8 SSY-SSE = 0.011102 0.001388   
            37.91248 
 Residual n - k - 1 =  14 SSE = 0.018181 0.001299   
 Total n - 1 =  22 SSY = 0.029283     
        
   ßo = -0.16789    
   ß1 = 0.728709    
   ß2 = -1.08645    
   ß3 = 0.389344    
   ß4 = 0.689824    
   ß5 = -0.21334    
   ß6 = 0.445751    
   ß7 = -0.56546    
   ß8 = 0.682749    
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Table E.2.3.1  Winter BOD Regression.  
BOD COD*N COD*phi COD*TSS*do t t*N phi*phe t*phe COD² Model      
Y X1 X2 X3 X4 X5 X6 X7 X8 Ŷ8 SSE SSY-SSE 
0.171994 0.149464 0.163908 0.046143485 0.852941 0.741176 0.841144 0.752875 0.029585 0.18059 7.3886E-05 2.82E-05 
0.145013 0.139994 0.137792 0.017823528 0.735294 0.709939 0.851578 0.658889 0.021023 0.168496 0.00055146 4.6E-05 
0.184426 0.116782 0.114572 0.032799594 0.882353 0.77358 0.773637 0.793625 0.017743 0.157338 0.00073376 0.000322 
0.242314 0.087351 0.13682 0.028304031 0.941176 0.590669 0.884157 0.846533 0.019372 0.210029 0.00104229 0.001208 
0.173333 0.107285 0.163127 0.028207625 0.764706 0.479919 0.895607 0.717713 0.029223 0.182502 8.4069E-05 5.22E-05 
0.155131 0.151825 0.161175 0.025919822 0.823529 0.722008 0.839207 0.742557 0.029989 0.166453 0.0001282 7.79E-05 
0.167857 0.214918 0.227872 0.038691834 0.941176 0.847059 0.907336 0.894906 0.057024 0.162096 3.3189E-05 0.000174 
0.27439 0.398034 0.32495 0.10877091 0.882353 0.851927 0.661413 0.740388 0.16995 0.230586 0.0019188 0.003059 
0.1 0.180866 0.270503 0.064753575 0.823529 0.441227 0.659847 0.678147 0.113958 0.15766 0.00332463 0.00031 
0.182143 0.225992 0.236331 0.044159964 0.941176 0.847059 0.862307 0.862307 0.063052 0.165582 0.00027426 9.4E-05 
0.133665 0.169037 0.190712 0.052700169 0.941176 0.81785 0.953007 0.914887 0.037841 0.176683 0.00185052 1.97E-06 
0.169515 0.198414 0.373636 0.070691088 0.852941 0.452941 1 0.852941 0.139604 0.148793 0.0004294 0.000701 
0.183939 0.204934 0.375 0.102042398 0.691176 0.370316 0.85442 0.602366 0.146306 0.151681 0.00104061 0.000557 
0.154992 0.172809 0.25891 0.051435915 0.773529 0.502794 0.816081 0.648209 0.070682 0.168596 0.00018505 4.47E-05 
0.197287 0.18784 0.227863 0.068221586 0.852941 0.625 0.756797 0.726191 0.065713 0.17461 0.00051428 4.47E-07 
0.143257 0.128519 0.227781 0.056057236 0.735294 0.390467 0.84443 0.659711 0.058572 0.167394 0.00058262 6.22E-05 
0.168615 0.195802 0.233186 0.065516877 0.852941 0.664706 0.85033 0.781466 0.063127 0.173775 2.6626E-05 2.26E-06 
0.152555 0.405701 0.373882 0.097549762 1 1 0.835075 0.906145 0.164594 0.208232 0.00309993 0.001086 
0.166423 0.153798 0.142217 0.02676095 0.647059 0.624746 0.817994 0.592836 0.025374 0.159886 4.2722E-05 0.000237 
0.176101 0.167708 0.179626 0.024818456 0.823529 0.715619 0.841287 0.744397 0.037248 0.163758 0.00015234 0.000133 
0.220173 0.450365 0.470044 0.093696492 0.926471 0.812259 0.82813 0.838482 0.263878 0.227085 4.7778E-05 0.002684 
0.208671 0.267939 0.273971 0.040917152 0.911765 0.820588 0.84006 0.832304 0.088631 0.163864 0.00200766 0.00013 
0.159606 0.216714 0.222009 0.049411267 0.794118 0.690061 0.773824 0.690306 0.062197 0.16571 3.7263E-05 9.16E-05 
                        
                    0.01818135 0.011102 
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Table E.1.3.9  One variable Winter COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 1 SSY-SSE = 0.2249 0.224896   
              57.27883
  Residual n - k - 1 = 21 SSE = 0.1677 0.007988   
  Total n - 1 = 22 SSY = 0.3926     
 
 
 
 
Table E.1.3.10  Two variables Winter COD ANOVA. 
 
   Source df   SS   MS R² % 
   Regression k = 2 SSY-SSE = 0.233495 0.116747   
             59.46881
   Residual n - k - 1 = 20 SSE = 0.159139 0.007957   
  Total n - 1 = 22 SSY = 0.392634     
 
 
 
 
Table E.1.3.11  Three variables Winter COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 3 SSY-SSE = 0.245031 0.081677   
            62.40689
  Residual n - k - 1 = 19 SSE = 0.147603 0.007769   
   Total n - 1 = 22 SSY = 0.392634     
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Table E.1.3.12  Four variables Winter COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 4 SSY-SSE = 0.250016 0.062504   
            63.67645
  Residual n - k - 1 = 18 SSE = 0.142619 0.007923   
  Total n - 1 = 22 SSY = 0.392634     
 
 
 
 
Table E.1.3.13  Five variables Winter COD ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 5 SSY-SSE = 0.270448 0.05409   
            68.88052
  Residual n - k - 1 = 17 SSE = 0.122186 0.007187   
  Total n - 1 = 22 SSY = 0.392634     
         
 
 
 
 
Table E.1.3.14  Six variables Winter COD ANOVA. 
 
   Source df   SS   MS R² % 
   Regression k = 6 SSY-SSE = 0.288295 0.048049   
             73.42586
   Residual n - k - 1 = 16 SSE = 0.104339 0.006521   
   Total n - 1 = 22 SSY = 0.392634     
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Table E.1.3.15  Seven variables Winter COD ANOVA. 
 
   Source df   SS   MS R² % 
   Regression k = 7 SSY-SSE = 0.312012 0.044573   
             79.46644
   Residual n - k - 1 = 15 SSE = 0.080622 0.005375   
   Total n - 1 = 22 SSY = 0.392634     
          
          
          
 
 
 
 
Table E.1.3.16  Eight variables Winter COD ANOVA and corresponding Least-
Square estimates' values. 
 
 Source df   SS   MS R² % 
 Regression k = 8 SSY-SSE = 0.300557 0.03757   
            82.06915 
 Residual n - k - 1 =  14 SSE = 0.065667 0.004691   
 Total n - 1 =  22 SSY = 0.366224     
        
   ßo = 0.990138    
   ß1 = -9.41091    
   ß2 = 29.14409    
   ß3 = 1.357059    
   ß4 = 5.234445    
   ß5 = 1.214626    
   ß6 = -1.90214    
   ß7 = -9.14269    
   ß8 = -0.11104    
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Table E.2.3.2  Winter COD Regression. 
 
COD TSS BOD*TSS do TSS*phi t² do*t BOD*phi N Model   
Y X1 X2 X3 X4 X5 X6 X7 X8 Ŷ8 SSE SSY-SSE 
0.172003 0.275992 0.047469 0.972027972 0.263004 0.727509 0.829083 0.1639 0.868966 0.183668 0.00013609 7.04E-05 
0.144994 0.155012 0.022479 0.793006993 0.147312 0.540657 0.583093 0.13781 0.965517 0.214125 0.00477904 0.001509 
0.133203 0.246238 0.045413 1 0.211797 0.778547 0.882353 0.158631 0.876724 0.181653 0.0023474 4.06E-05 
0.139185 0.253309 0.06138 0.802797203 0.249004 0.885813 0.755574 0.238196 0.627586 0.179273 0.00160702 1.6E-05 
0.170949 0.208077 0.036067 0.793006993 0.198557 0.584775 0.606417 0.165403 0.627586 0.173449 6.2504E-06 3.35E-06 
0.173173 0.183881 0.028525 0.813986014 0.171141 0.678201 0.670341 0.144383 0.876724 0.222742 0.00245713 0.002253 
0.238797 0.191172 0.03209 0.847552448 0.182425 0.885813 0.797696 0.160177 0.9 0.225551 0.00017547 0.002527 
0.41225 0.291128 0.079883 0.906293706 0.229477 0.778547 0.799671 0.216284 0.965517 0.349479 0.00394017 0.030346 
0.337577 0.260247 0.026025 0.737062937 0.208538 0.678201 0.606993 0.080131 0.535776 0.268335 0.00479443 0.00866 
0.251102 0.211689 0.038558 0.830769231 0.199236 0.885813 0.7819 0.171429 0.9 0.213374 0.00142342 0.001451 
0.194527 0.292605 0.039111 0.925874126 0.286867 0.885813 0.871411 0.131044 0.868966 0.258179 0.00405167 0.006873 
0.373636 0.233638 0.039605 0.80979021 0.233638 0.727509 0.690703 0.169515 0.531034 0.228596 0.02103665 0.002843 
0.3825 0.389277 0.071603 0.685314685 0.381644 0.477725 0.473673 0.180333 0.535776 0.312258 0.00493392 0.018763 
0.26586 0.276662 0.04288 0.699300699 0.269429 0.598348 0.54093 0.15094 0.65 0.241186 0.00060884 0.004344 
0.256346 0.338583 0.066798 0.786013986 0.300962 0.727509 0.670424 0.175366 0.732759 0.316302 0.00359474 0.019888 
0.242017 0.285047 0.040835 0.812587413 0.268279 0.540657 0.597491 0.13483 0.531034 0.233221 7.7366E-05 0.003357 
0.25125 0.380502 0.064159 0.685314685 0.353146 0.727509 0.584533 0.156493 0.77931 0.312135 0.00370698 0.01873 
0.405701 0.307 0.046834 0.783216783 0.282921 1 0.783217 0.14059 1 0.338177 0.00455953 0.026536 
0.159291 0.27935 0.04649 0.601398601 0.249406 0.418685 0.38914 0.148584 0.965517 0.140436 0.00035551 0.001214 
0.192997 0.199881 0.035199 0.643356643 0.186033 0.678201 0.529823 0.1639 0.868966 0.202765 9.5401E-05 0.000756 
0.51369 0.362264 0.079761 0.503496503 0.331484 0.858348 0.466475 0.201465 0.876724 0.539852 0.00068443 0.132914 
0.29771 0.243845 0.050883 0.563636364 0.224401 0.831315 0.513904 0.192032 0.9 0.294388 1.1036E-05 0.014187 
0.249393 0.314103 0.050133 0.630769231 0.279613 0.630623 0.500905 0.14208 0.868966 0.232521 0.00028465 0.003277 
            
          0.06566715 0.300557 
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Table E.1.3.17  One variable Winter TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 1 SSY-SSE = 0.2243 0.224299   
               78.1936 
  Residual n - k - 1 = 21 SSE = 0.0626 0.002979   
  Total n - 1 = 22 SSY = 0.2869     
 
 
 
 
Table E.1.3.18  Two variables Winter TSS ANOVA. 
 
   Source df   SS   MS R² % 
   Regression k = 2 SSY-SSE = 0.228084 0.114042   
             79.51326
   Residual n - k - 1 = 20 SSE = 0.058766 0.002938   
  Total n - 1 = 22 SSY = 0.286851     
 
 
 
 
Table E.1.3.19  Three variables Winter TSS ANOVA.  
 
  Source df   SS   MS R² % 
  Regression k = 3 SSY-SSE = 0.285263 0.095088   
            80.84952
  Residual n - k - 1 = 19 SSE = 0.067569 0.003556   
   Total n - 1 = 22 SSY = 0.352833     
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Table E.1.3.20  Four variables Winter TSS ANOVA. 
 
  Source df   SS   MS R² % 
  Regression k = 4 SSY-SSE = 0.234092 0.058523   
            81.60751
  Residual n - k - 1 = 18 SSE = 0.052759 0.002931   
  Total n - 1 = 22 SSY = 0.286851     
 
 
 
 
Table E.1.3.21  Five variables Winter TSS ANOVA.  
 
  Source df   SS   MS R² % 
  Regression k = 5 SSY-SSE = 0.235717 0.047143   
            82.174
  Residual n - k - 1 = 17 SSE = 0.051134 0.003008   
  Total n - 1 = 22 SSY = 0.286851     
         
 
 
 
 
 
Table E.1.3.22  Six variables Winter TSS ANOVA. 
 
   Source df   SS   MS R² % 
   Regression k = 6 SSY-SSE = 0.238441 0.03974   
             83.12377
   Residual n - k - 1 = 16 SSE = 0.04841 0.003026   
   Total n - 1 = 22 SSY = 0.286851     
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Table E.1.3.23  Seven variables Winter TSS ANOVA. 
 
   Source df   SS   MS R² % 
   Regression k = 7 SSY-SSE = 0.240717 0.034388   
             83.91714
   Residual n - k - 1 = 15 SSE = 0.046134 0.003076   
   Total n - 1 = 22 SSY = 0.286851     
          
          
          
 
 
 
 
Table E.1.3.24  Eight variables Winter TSS ANOVA and corresponding Least-
Square estimates' values.  
 
 Source df   SS   MS R² % 
 Regression k = 8 SSY-SSE = 0.241435 0.030179   
            84.16742 
 Residual n - k - 1 =  14 SSE = 0.045416 0.003244   
 Total n - 1 =  22 SSY = 0.286851     
        
   ßo = 0.419067    
   ß1 = 0.209194    
   ß2 = -0.34944    
   ß3 = -0.64292    
   ß4 = 0.319418    
   ß5 = 0.076827    
   ß6 = -0.52658    
   ß7 = 1.048098    
   ß8 = 0.193031    
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Table E.2.3.3  Winter TSS Regression. 
TSS COD t*phe N³ COD*N t*N phe phe*n BOD*do Model      
Y X1 X2 X3 X4 X5 X6 X7 X8 Ŷ8 SSE SSY-SSE 
0.275992 0.172003 0.752875 0.656156792 0.149464 0.741176 0.882682 0.76702 0.167183 0.246177 0.00088897 0.005027 
0.155012 0.144994 0.658889 0.900077904 0.139994 0.709939 0.896089 0.86519 0.114996 0.19688 0.00175289 0.000467 
0.246238 0.133203 0.793625 0.673889813 0.116782 0.77358 0.899441 0.788562 0.184426 0.221551 0.00060944 0.002141 
0.253309 0.139185 0.846533 0.247183894 0.087351 0.590669 0.899441 0.564477 0.194529 0.222286 0.0009624 0.00221 
0.208077 0.170949 0.717713 0.247183894 0.107285 0.479919 0.938547 0.589019 0.137455 0.265918 0.00334559 0.008216 
0.183881 0.173173 0.742557 0.673889813 0.151825 0.722008 0.901676 0.790521 0.126274 0.24464 0.00369174 0.004811 
0.191172 0.238797 0.894906 0.729 0.214918 0.847059 0.950838 0.855754 0.142268 0.245031 0.00290083 0.004865 
0.291128 0.41225 0.740388 0.900077904 0.398034 0.851927 0.839106 0.810171 0.248678 0.315787 0.00060808 0.019743 
0.260247 0.337577 0.678147 0.153797555 0.180866 0.441227 0.823464 0.441192 0.073706 0.288529 0.00079988 0.012826 
0.211689 0.251102 0.862307 0.729 0.225992 0.847059 0.916201 0.824581 0.151319 0.249847 0.00145608 0.005561 
0.292605 0.194527 0.914887 0.656156792 0.169037 0.81785 0.972067 0.844693 0.123757 0.232376 0.00362749 0.00326 
0.233638 0.373636 0.852941 0.149750461 0.198414 0.452941 1 0.531034 0.137272 0.257574 0.00057294 0.006773 
0.389277 0.3825 0.602366 0.153797555 0.204934 0.370316 0.871508 0.466933 0.126056 0.338433 0.00258516 0.026619 
0.276662 0.26586 0.648209 0.274625 0.172809 0.502794 0.837989 0.544693 0.108386 0.315987 0.00154648 0.019799 
0.338583 0.256346 0.726191 0.393443894 0.18784 0.625 0.851397 0.623868 0.155071 0.30948 0.00084697 0.01801 
0.285047 0.242017 0.659711 0.149750461 0.128519 0.390467 0.897207 0.476448 0.116409 0.263326 0.0004718 0.007752 
0.380502 0.25125 0.781466 0.473294354 0.195802 0.664706 0.916201 0.714005 0.115555 0.296075 0.00712795 0.014592 
0.307 0.405701 0.906145 1 0.405701 1 0.906145 0.906145 0.119484 0.246428 0.00366894 0.005062 
0.27935 0.159291 0.592836 0.900077904 0.153798 0.624746 0.916201 0.884608 0.100086 0.2277 0.00266767 0.002748 
0.199881 0.192997 0.744397 0.656156792 0.167708 0.715619 0.903911 0.785467 0.113296 0.255149 0.00305453 0.006379 
0.362264 0.51369 0.838482 0.673889813 0.450365 0.812259 0.905028 0.79346 0.110856 0.382986 0.00042941 0.043143 
0.243845 0.29771 0.832304 0.729 0.267939 0.820588 0.912849 0.821564 0.117615 0.273544 0.00088203 0.009656 
0.314103 0.249393 0.690306 0.656156792 0.216714 0.690061 0.869274 0.755369 0.100674 0.283795 0.00091857 0.011776 
                        
                    0.04541584 0.241435 
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Table F.1.1  Summer BOD outliers. 
 
BOD             
Data Model e e² S e-ĕ S:e-ĕ 
0.107131 0.111195 -0.004064354 1.6519E-05 0.002873932 -0.00406 0.707106042
0.171831 0.147231 0.024599673 0.000605144 0.017394596 0.0246 0.707106903
0.157187 0.146749 0.010437081 0.000108933 0.00738013 0.010437 0.707107069
0.133076 0.147391 -0.014314443 0.000204903 0.010121839 -0.01431 0.707106571
0.207359 0.153439 0.053920281 0.002907397 0.038127396 0.05392 0.707106837
0.183288 0.19675 -0.013461889 0.000181222 0.009518993 -0.01346 0.707106558
0.152287 0.177579 -0.025291659 0.000639668 0.017883904 -0.02529 0.707106662
0.187045 0.209238 -0.022192353 0.000492501 0.015692363 -0.02219 0.707106646
0.209749 0.203582 0.00616668 3.80279E-05 0.004360501 0.006167 0.707107268
0.196568 0.183776 0.012792353 0.000163644 0.009045559 0.012792 0.707107016
0.17204 0.200017 -0.027976999 0.000782712 0.019782726 -0.02798 0.707106674
0.152605 0.190078 -0.037472684 0.001404202 0.026497189 -0.03747 0.707106701
0.110622 0.152492 -0.041869443 0.00175305 0.029606167 -0.04187 0.707106709
0.150685 0.144596 0.006089078 3.70769E-05 0.004305628 0.006089 0.707107274
0.133001 0.14022 -0.007218812 5.21113E-05 0.005104471 -0.00722 0.707106365
0.233021 0.20219 0.030831032 0.000950553 0.021800832 0.030831 0.707106879
0.210566 0.1734 0.037165781 0.001381295 0.026280176 0.037166 0.707106862
0.206897 0.208404 -0.001507883 2.27371E-06 0.001066234 -0.00151 0.70710479
0.286469 0.261225 0.025243804 0.00063725 0.017850065 0.025244 0.7071069 
0.194074 0.19701 -0.002935872 8.61935E-06 0.002075975 -0.00294 0.707105758
0.201059 0.208739 -0.007680042 5.89831E-05 0.00543061 -0.00768 0.70710639
0.181295 0.182552 -0.001257273 1.58074E-06 0.000889026 -0.00126 0.707104393
             
3.937855 3.937853 9.3425E-08 0.000564894       
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Table F.1.2  Summer COD outliers.  
 
COD             
Data Model e e² S e-ĕ S:e-ĕ 
0.126972 0.167856 -0.04088435 0.00167153 0.0289096 -0.04088 0.7071067
0.19927 0.279149 -0.079878703 0.006380607 0.05648277 -0.07988 0.7071067
0.225134 0.24186 -0.016726291 0.000279769 0.01182727 -0.01673 0.7071066
0.149698 0.165394 -0.015696414 0.000246377 0.01109904 -0.0157 0.7071066
0.209831 0.296543 -0.086712791 0.007519108 0.0613152 -0.08671 0.7071067
0.247668 0.169098 0.078570555 0.006173332 0.05555777 0.078571 0.7071068
0.358118 0.336059 0.022058546 0.000486579 0.01559775 0.022059 0.7071069
0.245535 0.243501 0.002034564 4.13945E-06 0.00143865 0.002035 0.7071083
0.371418 0.320243 0.051175051 0.002618886 0.03618623 0.051175 0.7071068
0.314452 0.30369 0.010762795 0.000115838 0.00761045 0.010763 0.7071071
0.428136 0.310469 0.11766737 0.01384561 0.0832034 0.117667 0.7071068
0.349515 0.344269 0.00524566 2.75169E-05 0.00370924 0.005246 0.7071074
0.253765 0.197104 0.056661088 0.003210479 0.04006544 0.056661 0.7071068
0.38246 0.336204 0.046256184 0.002139635 0.03270806 0.046256 0.7071068
0.165172 0.258184 -0.093011641 0.008651165 0.06576916 -0.09301 0.7071067
0.424837 0.39572 0.029116255 0.000847756 0.0205883 0.029116 0.7071069
0.356587 0.399168 -0.042580953 0.001813138 0.03010928 -0.04258 0.7071067
0.233731 0.292655 -0.05892317 0.00347194 0.04166497 -0.05892 0.7071067
0.328064 0.334509 -0.006445076 4.1539E-05 0.00455736 -0.00645 0.7071063
0.315724 0.358613 -0.042888239 0.001839401 0.03032656 -0.04289 0.7071067
0.361064 0.320301 0.040763564 0.001661668 0.02882419 0.040764 0.7071069
0.314452 0.291014 0.023437804 0.000549331 0.01657303 0.023438 0.7071069
            
6.361604   8.21151E-08 0.002890697       
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Table F.1.3  Summer TSS outliers. 
 
TSS             
Data Model  e e² S e-ĕ S:e-ĕ 
0.260364 0.233117 0.027246451 0.000742369 0.01926615 0.027246 0.7071069
0.256861 0.245659 0.011201366 0.000125471 0.00792056 0.011201 0.7071071
0.160284 0.239647 -0.079363374 0.006298545 0.05611838 -0.07936 0.7071067
0.250546 0.194801 0.05574544 0.003107554 0.03941798 0.055745 0.7071069
0.255409 0.288231 -0.032822048 0.001077287 0.02320869 -0.03282 0.7071067
0.238664 0.25585 -0.017186496 0.000295376 0.01215269 -0.01719 0.7071065
0.429435 0.379484 0.049950958 0.002495098 0.03532066 0.049951 0.7071069
0.179796 0.301709 -0.121913918 0.014863004 0.08620616 -0.12191 0.7071067
0.352423 0.334238 0.018185371 0.000330708 0.012859 0.018185 0.707107 
0.337645 0.404655 -0.06700999 0.004490339 0.04738322 -0.06701 0.7071067
0.434091 0.410525 0.023566054 0.000555359 0.01666372 0.023566 0.707107 
0.349174 0.292712 0.05646202 0.00318796 0.03992468 0.056462 0.7071069
0.251142 0.343452 -0.092310683 0.008521262 0.06527351 -0.09231 0.7071067
0.32899 0.322757 0.006233458 3.8856E-05 0.00440772 0.006233 0.7071074
0.467003 0.377315 0.089687612 0.008043868 0.06341872 0.089688 0.7071068
0.349673 0.336166 0.013507165 0.000182444 0.00955101 0.013507 0.7071071
0.35302 0.326221 0.026799381 0.000718207 0.01895002 0.026799 0.7071069
0.391632 0.305554 0.086077935 0.007409411 0.06086629 0.086078 0.7071068
0.494505 0.478067 0.016438429 0.000270222 0.01162372 0.016438 0.707107 
0.405227 0.338821 0.066405581 0.004409701 0.04695584 0.066406 0.7071068
0.246377 0.347835 -0.101458292 0.010293785 0.07174185 -0.10146 0.7071067
0.337645 0.373085 -0.035439596 0.001255965 0.02505958 -0.03544 0.7071067
Y           
7.129904   1.28302E-07 0.003577854       
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Table F.2.1  Autumn BOD outliers. 
 
BOD             
Data  Model  e e² S e-ĕ S:e-ĕ 
0.113003 0.105788 0.007215029 5.20566E-05 0.005102 0.007215 0.707127
0.216231 0.212256 0.003975084 1.58013E-05 0.002811 0.003975 0.707144
0.125011 0.13339 -0.008379173 7.02105E-05 0.005925 -0.00838 0.707089
0.155767 0.13941 0.01635742 0.000267565 0.011566 0.016357 0.707116
0.2054 0.19269 0.012710124 0.000161547 0.008987 0.01271 0.707118
0.158303 0.177569 -0.019266099 0.000371183 0.013623 -0.01927 0.707099
0.182872 0.187647 -0.004774172 2.27927E-05 0.003376 -0.00477 0.707076
0.221046 0.200552 0.020494011 0.000420004 0.014491 0.020494 0.707114
0.192722 0.203236 -0.010513489 0.000110533 0.007434 -0.01051 0.707093
0.176712 0.199865 -0.023152781 0.000536051 0.016371 -0.02315 0.7071 
0.139594 0.145797 -0.006203439 3.84827E-05 0.004386 -0.0062 0.707083
0.181757 0.169684 0.012072756 0.000145751 0.008537 0.012073 0.707119
0.208826 0.188216 0.020609917 0.000424769 0.014573 0.02061 0.707114
0.205 0.167605 0.037394806 0.001398372 0.026442 0.037395 0.707111
0.169074 0.161507 0.007567164 5.7262E-05 0.005351 0.007567 0.707126
0.165869 0.172392 -0.00652301 4.25497E-05 0.004612 -0.00652 0.707084
0.103206 0.132116 -0.028909858 0.00083578 0.020442 -0.02891 0.707102
0.142997 0.14814 -0.005142487 2.64452E-05 0.003636 -0.00514 0.707078
0.174613 0.173318 0.001294625 1.67606E-06 0.000915 0.001294 0.70722 
0.154453 0.181855 -0.027402094 0.000750875 0.019376 -0.0274 0.707101
0.169014 0.178604 -0.00958987 9.19656E-05 0.006781 -0.00959 0.707091
0.168185 0.180938 -0.012753266 0.000162646 0.009018 -0.01275 0.707095
0.181609 0.160956 0.020652855 0.00042654 0.014604 0.020653 0.707114
0.178601 0.176215 0.002385364 5.68996E-06 0.001687 0.002385 0.707168
             
4.089865   4.97575E-06 0.00026819       
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Table F.2.2  Autumn COD outliers. 
 
COD             
Data  Model  e e² S e-ĕ S:e-ĕ 
0.113006 0.131347 -0.018340645 0.000336379 0.012969 -0.01834 0.707098
0.21501 0.234169 -0.019159104 0.000367071 0.013548 -0.01916 0.707099
0.119987 0.174893 -0.054906323 0.003014704 0.038825 -0.05491 0.707104
0.134108 0.181102 -0.046993657 0.002208404 0.03323 -0.04699 0.707103
0.212026 0.205664 0.006362172 4.04772E-05 0.004499 0.006362 0.707131
0.188971 0.158135 0.030835697 0.00095084 0.021804 0.030835 0.707112
0.186207 0.170455 0.015752154 0.00024813 0.011138 0.015752 0.707117
0.258929 0.287741 -0.028812286 0.000830148 0.020373 -0.02881 0.707101
0.197281 0.196636 0.000645101 4.16155E-07 0.000456 0.000645 0.70735 
0.211378 0.158952 0.052425473 0.00274843 0.03707 0.052425 0.70711 
0.327397 0.270932 0.056464932 0.003188289 0.039927 0.056465 0.70711 
0.411648 0.423898 -0.012249895 0.00015006 0.008662 -0.01225 0.707094
0.269422 0.254384 0.015038299 0.00022615 0.010634 0.015038 0.707117
0.29843 0.337876 -0.039445367 0.001555937 0.027892 -0.03945 0.707103
0.418718 0.38244 0.036277587 0.001316063 0.025652 0.036277 0.707111
0.416199 0.409673 0.006525655 4.25842E-05 0.004614 0.006525 0.707131
0.277551 0.28935 -0.011798561 0.000139206 0.008343 -0.0118 0.707093
0.284364 0.303605 -0.019241471 0.000370234 0.013606 -0.01924 0.707099
0.361504 0.36262 -0.001115952 1.24535E-06 0.000789 -0.00112 0.706966
0.369565 0.342724 0.026841135 0.000720447 0.01898 0.026841 0.707113
0.362396 0.355244 0.007151432 5.1143E-05 0.005057 0.007151 0.707129
0.335998 0.309299 0.026698919 0.000712832 0.018879 0.026699 0.707113
0.325889 0.367549 -0.041660333 0.001735583 0.029458 -0.04166 0.707103
0.311139 0.298306 0.012832928 0.000164684 0.009074 0.012833 0.707119
             
6.607121   5.3287E-06 0.000879977       
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Table F.2.3  Autumn TSS outliers. 
 
TSS             
Data  Model  e e² S e-ĕ S:e-ĕ 
0.101806 0.162099 -0.060293202 0.00363527 0.042634 -0.06029 0.707107
0.264831 0.211135 0.053695466 0.002883203 0.037968 0.053695 0.707107
0.291513 0.250721 0.040791393 0.001663938 0.028844 0.040791 0.707106
0.19989 0.18625 0.013640584 0.000186066 0.009645 0.013641 0.707106
0.171185 0.171094 9.12664E-05 8.32955E-09 6.45E-05 9.13E-05 0.706942
0.247166 0.260617 -0.013450245 0.000180909 0.009511 -0.01345 0.707108
0.257106 0.238456 0.018650446 0.000347839 0.013188 0.01865 0.707106
0.244341 0.300183 -0.055841963 0.003118325 0.039486 -0.05584 0.707107
0.171784 0.115302 0.056481718 0.003190184 0.039939 0.056482 0.707107
0.190698 0.264013 -0.073315709 0.005375193 0.051842 -0.07332 0.707107
0.261073 0.324876 -0.063803012 0.004070824 0.045116 -0.0638 0.707107
0.462948 0.39127 0.071678338 0.005137784 0.050684 0.071678 0.707107
0.272274 0.308741 -0.036466592 0.001329812 0.025786 -0.03647 0.707107
0.330351 0.287799 0.0425517 0.001810647 0.030089 0.042552 0.707106
0.444444 0.456497 -0.012052709 0.000145268 0.008523 -0.01205 0.707108
0.232516 0.300945 -0.068429789 0.004682636 0.048387 -0.06843 0.707107
0.36796 0.332023 0.035937033 0.00129147 0.025411 0.035937 0.707106
0.361573 0.356655 0.004917324 2.41801E-05 0.003477 0.004917 0.707104
0.344689 0.34349 0.001198222 1.43574E-06 0.000847 0.001198 0.707094
0.419706 0.390627 0.029079319 0.000845607 0.020562 0.029079 0.707106
0.413043 0.387668 0.02537571 0.000643927 0.017943 0.025376 0.707106
0.303922 0.327408 -0.023486008 0.000551593 0.016607 -0.02349 0.707107
0.387755 0.352054 0.03570127 0.001274581 0.025245 0.035701 0.707106
0.333333 0.355996 -0.022662785 0.000513602 0.016025 -0.02266 0.707107
             
7.075907   -5.09292E-07 0.001787679       
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Table F.3.1  Winter BOD outliers. 
 
BOD             
Data  Model  e e² S e-ĕ S:e-ĕ 
0.171994 0.180589 -0.008595236 7.38781E-05 0.006078 -0.0086 0.707105
0.145013 0.168496 -0.023482852 0.000551444 0.016605 -0.02348 0.707106
0.184426 0.157338 0.027088465 0.000733785 0.019154 0.027088 0.707107
0.242314 0.210029 0.032284969 0.001042319 0.022829 0.032285 0.707107
0.173333 0.182502 -0.009168617 8.40635E-05 0.006483 -0.00917 0.707105
0.155131 0.166453 -0.011322184 0.000128192 0.008006 -0.01132 0.707106
0.167857 0.162096 0.005761486 3.31947E-05 0.004074 0.005761 0.707109
0.27439 0.230586 0.043804556 0.001918839 0.030974 0.043805 0.707107
0.1 0.157659 -0.057659292 0.003324594 0.040771 -0.05766 0.707107
0.182143 0.165581 0.016561369 0.000274279 0.011711 0.016561 0.707108
0.133665 0.176682 -0.043017153 0.001850475 0.030418 -0.04302 0.707106
0.169515 0.148793 0.02072213 0.000429407 0.014653 0.020722 0.707107
0.183939 0.151681 0.032258775 0.001040629 0.02281 0.032259 0.707107
0.154992 0.168595 -0.013603143 0.000185045 0.009619 -0.0136 0.707106
0.197287 0.174609 0.022678125 0.000514297 0.016036 0.022678 0.707107
0.143257 0.167394 -0.024137312 0.00058261 0.017068 -0.02414 0.707106
0.168615 0.173775 -0.00515964 2.66219E-05 0.003648 -0.00516 0.707104
0.152555 0.208232 -0.055676466 0.003099869 0.039369 -0.05568 0.707107
0.166423 0.159886 0.006536566 4.27267E-05 0.004622 0.006537 0.707109
0.176101 0.163758 0.01234291 0.000152347 0.008728 0.012343 0.707108
0.220173 0.227085 -0.006911777 4.77727E-05 0.004887 -0.00691 0.707105
0.208671 0.163864 0.044807378 0.002007701 0.031684 0.044807 0.707107
0.159606 0.16571 -0.006103963 3.72584E-05 0.004316 -0.0061 0.707105
             
4.0314   3.95298E-07 0.000790493       
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Table F.3.2  Winter COD outliers. 
 
COD             
Data  Model  e e² S e-ĕ S:e-ĕ 
0.172003 0.139092 0.032910494 0.001083101 0.023271 0.03291 0.707108
0.144994 0.176433 -0.031438941 0.000988407 0.022231 -0.03144 0.707105
0.133203 0.169356 -0.036152961 0.001307037 0.025564 -0.03615 0.707106
0.139185 0.195877 -0.056692344 0.003214022 0.040088 -0.05669 0.707106
0.170949 0.180256 -0.009307017 8.66206E-05 0.006581 -0.00931 0.707102
0.173173 0.219073 -0.04590053 0.002106859 0.032457 -0.0459 0.707106
0.238797 0.233713 0.005084634 2.58535E-05 0.003595 0.005085 0.707116
0.41225 0.359799 0.052450777 0.002751084 0.037088 0.052451 0.707108
0.337577 0.340202 -0.002625178 6.89156E-06 0.001856 -0.00263 0.70709 
0.251102 0.211183 0.039919159 0.001593539 0.028227 0.039919 0.707108
0.194527 0.260767 -0.066240305 0.004387778 0.046839 -0.06624 0.707106
0.373636 0.27347 0.10016599 0.010033226 0.070828 0.100166 0.707107
0.3825 0.337169 0.045330699 0.002054872 0.032054 0.045331 0.707108
0.26586 0.268438 -0.002577834 6.64523E-06 0.001823 -0.00258 0.707089
0.256346 0.332873 -0.07652664 0.005856327 0.054113 -0.07653 0.707106
0.242017 0.23366 0.008356777 6.98357E-05 0.005909 0.008357 0.707112
0.25125 0.310324 -0.059074209 0.003489762 0.041772 -0.05907 0.707106
0.405701 0.308584 0.097117002 0.009431712 0.068672 0.097117 0.707107
0.159291 0.129004 0.030287244 0.000917317 0.021416 0.030287 0.707108
0.192997 0.216524 -0.023526552 0.000553499 0.016636 -0.02353 0.707105
0.51369 0.544937 -0.031246868 0.000976367 0.022095 -0.03125 0.707105
0.29771 0.281974 0.015735607 0.000247609 0.011127 0.015736 0.70711 
0.249393 0.235408 0.013984783 0.000195574 0.009889 0.013985 0.70711 
            
5.958151   1.46896E-06 0.002234084       
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Table F.3.3  Winter TSS outliers. 
 
TSS             
Data  Model  e e² S e-ĕ S:e-ĕ 
0.275992 0.246176 0.029815844 0.000888985 0.021083 0.029816 0.707107
0.155012 0.19688 -0.04186723 0.001752865 0.029605 -0.04187 0.707107
0.246238 0.221551 0.024687144 0.000609455 0.017456 0.024687 0.707107
0.253309 0.222286 0.031022628 0.000962403 0.021936 0.031023 0.707107
0.208077 0.265918 -0.057840972 0.003345578 0.0409 -0.05784 0.707107
0.183881 0.24464 -0.060759418 0.003691707 0.042963 -0.06076 0.707107
0.191172 0.245031 -0.053859069 0.002900799 0.038084 -0.05386 0.707107
0.291128 0.315786 -0.02465887 0.00060806 0.017436 -0.02466 0.707107
0.260247 0.288529 -0.028282044 0.000799874 0.019998 -0.02828 0.707107
0.211689 0.249847 -0.038158387 0.001456062 0.026982 -0.03816 0.707107
0.292605 0.232376 0.060228889 0.003627519 0.042588 0.060229 0.707107
0.233638 0.257574 -0.023936143 0.000572939 0.016925 -0.02394 0.707106
0.389277 0.338433 0.050844617 0.002585175 0.035953 0.050845 0.707107
0.276662 0.315987 -0.039325126 0.001546466 0.027807 -0.03933 0.707107
0.338583 0.30948 0.029102824 0.000846974 0.020579 0.029103 0.707107
0.285047 0.263326 0.021721065 0.000471805 0.015359 0.021721 0.707107
0.380502 0.296075 0.084427404 0.007127987 0.059699 0.084427 0.707107
0.307 0.246428 0.060572102 0.00366898 0.042831 0.060572 0.707107
0.27935 0.2277 0.051649846 0.002667707 0.036522 0.05165 0.707107
0.199881 0.255149 -0.055267558 0.003054503 0.03908 -0.05527 0.707107
0.362264 0.382986 -0.020721875 0.000429396 0.014653 -0.02072 0.707106
0.243845 0.273544 -0.0296988 0.000882019 0.021 -0.0297 0.707107
0.314103 0.283794 0.030308176 0.000918586 0.021431 0.030308 0.707107
            
6.179498   2.19545E-07 0.001974602       
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Table G.1.1  Summer BOD interval. 
 
BOD             
Data  Model  95% Confidence Data % Model % upper limit lower limit 
0.107131 0.111195 0.001200942 10.71309 11.11954 11.239631 10.999443 
0.171831 0.147232 0.007268578 17.18311 14.72316 15.4500147 13.996299 
0.157187 0.14675 0.003083875 15.71865 14.67496 14.9833436 14.366569 
0.133076 0.147391 0.0042296 13.30764 14.7391 15.1620573 14.316137 
0.207359 0.153439 0.015932102 20.73589 15.34387 16.9370825 13.750662 
0.183288 0.19675 0.003977693 18.32877 19.67497 20.0727363 19.277198 
0.152287 0.177579 0.007473103 15.22871 17.75788 18.5051946 17.010574 
0.187045 0.209238 0.00655732 18.70454 20.92378 21.5795115 20.268047 
0.209749 0.203582 0.001822083 20.97489 20.35823 20.5404367 20.17602 
0.196568 0.183776 0.0037798 19.65679 18.37756 18.7555408 17.999581 
0.17204 0.200017 0.008266556 17.20401 20.00172 20.8283791 19.175068 
0.152605 0.190078 0.011072289 15.2605 19.00778 20.1150088 17.900551 
0.110622 0.152492 0.012371435 11.06223 15.24918 16.4863237 14.012037 
0.150685 0.144596 0.001799139 15.06849 14.4596 14.6395112 14.279683 
0.133001 0.14022 0.002133012 13.30014 14.02203 14.235332 13.80873 
0.233021 0.20219 0.009109794 23.30211 20.21901 21.1299928 19.308034 
0.210566 0.1734 0.010981552 21.05661 17.34005 18.4382017 16.241891 
0.206897 0.208405 0.000445565 20.68966 20.84045 20.8850073 20.795894 
0.286469 0.261225 0.007458909 28.64686 26.12249 26.8683825 25.376601 
0.194074 0.19701 0.000867504 19.40741 19.701 19.7877534 19.614253 
0.201059 0.208739 0.002269295 20.10592 20.87394 21.1008672 20.647008 
0.181295 0.182552 0.00037152 18.1295 18.25523 18.2923846 18.218081 
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Table G.1.2  Summer COD interval. 
 
COD             
Data  Model  95% Confidence Data % Model % upper limit lower limit 
0.126972 0.167856 0.01208036 12.6972 16.78565 17.9936853 15.577613 
0.19927 0.279149 0.02360224 19.92704 27.91492 30.2751442 25.554696 
0.225134 0.24186 0.00494222 22.51338 24.18601 24.6802356 23.691792 
0.149698 0.165394 0.004637957 14.96977 16.53942 17.0032199 16.075628 
0.209831 0.296544 0.025621565 20.98306 29.65435 32.2165075 27.092194 
0.247668 0.169098 0.023215629 24.76684 16.9098 19.2313669 14.588241 
0.358118 0.336059 0.006517735 35.81176 33.60592 34.2576933 32.954146 
0.245535 0.243501 0.000601126 24.55355 24.35011 24.4102186 24.289993 
0.371418 0.320243 0.015120948 37.14178 32.02429 33.5363814 30.512192 
0.314452 0.30369 0.00318013 31.44523 30.36895 30.6869679 30.050942 
0.428136 0.310469 0.034767838 42.8136 31.04687 34.5236489 27.570081 
0.349515 0.344269 0.001549946 34.95146 34.4269 34.5818912 34.271902 
0.253765 0.197104 0.016741954 25.37653 19.71042 21.3846191 18.036228 
0.38246 0.336204 0.013667563 38.24599 33.62038 34.9871321 32.253619 
0.165172 0.258184 0.027482683 16.51724 25.81841 28.5666754 23.070139 
0.424837 0.39572 0.008603126 42.48366 39.57204 40.4323538 38.711729 
0.356587 0.399168 0.012581653 35.65872 39.91682 41.1749847 38.658654 
0.233731 0.292655 0.017410392 23.37313 29.26546 31.0065001 27.524422 
0.328064 0.334509 0.001904393 32.8064 33.45092 33.6413582 33.26048 
0.315724 0.358613 0.012672452 31.57244 35.86128 37.1285205 34.59403 
0.361064 0.320301 0.012044627 36.10641 32.03006 33.2345206 30.825595 
0.314452 0.291015 0.006925291 31.44523 29.10145 29.7939818 28.408924 
 
 
 
 
 
 
 
 
 
 
App. G                                           Confidence Interval 
 141
 
 
Table G.1.3  Summer TSS interval. 
 
TSS             
Data  Model  95% Confidence Data % Model % upper limit lower limit 
0.260364 0.233117 0.008050649 26.03637 23.31173 24.1167985 22.506669 
0.256861 0.245659 0.003309704 25.68607 24.56594 24.8969152 24.234974 
0.160284 0.239647 0.023449977 16.02839 23.96474 26.309739 21.619744 
0.250546 0.194801 0.016471415 25.05461 19.48007 21.1272105 17.832928 
0.255409 0.288231 0.009698146 25.54087 28.82308 29.7928945 27.853265 
0.238664 0.255851 0.005078224 23.86639 25.58505 26.0928728 25.077228 
0.429435 0.379484 0.014759254 42.9435 37.94841 39.4243385 36.472488 
0.179796 0.30171 0.036022637 17.97956 30.17096 33.7732234 26.568696 
0.352423 0.334238 0.005373279 35.24229 33.42377 33.9611005 32.886445 
0.337645 0.404655 0.019799864 33.76451 40.46553 42.4455128 38.48554 
0.434091 0.410525 0.00696315 43.40909 41.0525 41.7488161 40.356186 
0.349174 0.292712 0.016683111 34.91736 29.27117 30.9394791 27.602857 
0.251142 0.343452 0.027275582 25.11416 34.34523 37.0727882 31.617672 
0.32899 0.322757 0.001841799 32.89902 32.27569 32.4598692 32.091509 
0.467003 0.377315 0.026500485 46.70028 37.73152 40.3815721 35.081475 
0.349673 0.336166 0.003990972 34.96732 33.61663 34.0157235 33.217529 
0.35302 0.326221 0.007918516 35.30201 32.62209 33.4139438 31.830241 
0.391632 0.305554 0.0254339 39.16318 30.5554 33.098789 28.012009 
0.494505 0.478067 0.004857096 49.45055 47.80673 48.2924365 47.321017 
0.405227 0.338821 0.019621189 40.52267 33.88213 35.8442487 31.920011 
0.246377 0.347835 0.029978508 24.63768 34.78353 37.781378 31.785676 
0.337645 0.373085 0.01047158 33.76451 37.30849 38.3556448 36.261329 
 
 
 
 
 
 
 
 
 
 
App. G                                           Confidence Interval 
 142
 
 
Table G.2.1  Autumn BOD interval. 
 
BOD             
Data  Model  95% Confidence Data % Model % upper limit lower limit 
0.113003 0.105792 0.00203994 11.30026 10.57917 10.783165 10.375177 
0.216231 0.21226 0.001123213 21.62308 21.22604 21.338365 21.113722 
0.125011 0.133395 0.002371612 12.50113 13.33946 13.576618 13.102296 
0.155767 0.139414 0.004626258 15.57672 13.9414 14.404031 13.478779 
0.2054 0.192695 0.003594314 20.54 19.26946 19.628889 18.910027 
0.158303 0.177573 0.005451557 15.83027 17.75732 18.302478 17.212167 
0.182872 0.187651 0.001351873 18.28724 18.76511 18.9003 18.629925 
0.221046 0.200557 0.005796316 22.10461 20.05569 20.635321 19.476058 
0.192722 0.20324 0.002975557 19.27221 20.32403 20.621586 20.026475 
0.176712 0.19987 0.006551148 17.67123 19.98697 20.642088 19.331859 
0.139594 0.145803 0.001756438 13.95938 14.58025 14.755896 14.404608 
0.181757 0.16969 0.003413747 18.17568 16.96896 17.310338 16.627588 
0.208826 0.188221 0.005829111 20.88263 18.82212 19.405029 18.239207 
0.205 0.16761 0.010577391 20.5 16.76104 17.818777 15.703299 
0.169074 0.161512 0.002139133 16.90739 16.15123 16.365147 15.937321 
0.165869 0.172398 0.001846991 16.58687 17.23975 17.424452 17.055054 
0.103206 0.132121 0.008179902 10.32064 13.21212 14.030114 12.394134 
0.142997 0.148145 0.001456212 14.29971 14.81446 14.960078 14.668836 
0.174613 0.173324 0.000364694 17.46129 17.33238 17.368845 17.295907 
0.154453 0.18186 0.007753496 15.44526 18.18601 18.961359 17.41066 
0.169014 0.178609 0.002714465 16.90141 17.86093 18.132381 17.589488 
0.168185 0.180943 0.003609356 16.81846 18.09432 18.455257 17.733386 
0.181609 0.160962 0.005841137 18.16092 16.09616 16.680272 15.512044 
0.178601 0.176221 0.000673353 17.86008 17.62206 17.689397 17.554726 
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Table G.2.2  Autumn COD interval. 
 
COD             
Data  Model  95% Confidence Data % Model % upper limit lower limit 
0.113006 0.131353 0.005190315 11.3006 13.13531 13.654338 12.616275 
0.21501 0.234174 0.00542156 21.50097 23.41742 23.959574 22.875262 
0.119987 0.174899 0.015534425 11.99866 17.48987 19.04331 15.936425 
0.134108 0.181108 0.013296065 13.41082 18.1108 19.440405 16.781192 
0.212026 0.205669 0.001798341 21.2026 20.56691 20.746746 20.387077 
0.188971 0.158142 0.008721459 18.8971 15.81418 16.686331 14.942039 
0.186207 0.17046 0.004454651 18.62069 17.04603 17.491497 16.600567 
0.258929 0.287746 0.008152401 25.89286 28.77462 29.589859 27.959379 
0.197281 0.196641 0.000181042 19.72812 19.66413 19.682233 19.646025 
0.211378 0.158958 0.014829362 21.13776 15.89578 17.378718 14.412846 
0.327397 0.270938 0.015972244 32.73973 27.09376 28.690982 25.496533 
0.411648 0.423903 0.003466859 41.16479 42.39028 42.736965 42.043593 
0.269422 0.25439 0.004252468 26.94222 25.43903 25.864281 25.013787 
0.29843 0.33788 0.011160292 29.84303 33.78804 34.904064 32.672006 
0.418718 0.382445 0.010261356 41.87179 38.24455 39.270682 37.218411 
0.416199 0.409677 0.001845012 41.61989 40.9677 41.152204 40.783202 
0.277551 0.289355 0.003339326 27.7551 28.93551 29.269441 28.601575 
0.284364 0.30361 0.005444778 28.43636 30.36102 30.905496 29.81654 
0.361504 0.362625 0.000316975 36.15043 36.26248 36.294177 36.230782 
0.369565 0.342729 0.007591838 36.95652 34.27291 35.032095 33.513727 
0.362396 0.355249 0.002021721 36.23956 35.52491 35.727085 35.32274 
0.335998 0.309304 0.00755157 33.59976 30.93038 31.685539 30.175225 
0.325889 0.367554 0.011786994 32.58889 36.75543 37.934128 35.57673 
0.311139 0.298311 0.003628927 31.11388 29.8311 30.193992 29.468207 
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Table G.2.3  Autumn TSS interval. 
 
TSS             
Data  Model  95% Confidence Data % Model % upper limit lower limit 
0.101806 0.148633 0.0132472 10.18058 14.86329 16.188007 13.538567 
0.264831 0.221244 0.012330601 26.48305 22.12435 23.357413 20.891293 
0.291513 0.231537 0.016966803 29.15126 23.15373 24.850411 21.45705 
0.19989 0.192811 0.002002612 19.98903 19.28114 19.481399 19.080876 
0.171185 0.17448 0.00093196 17.11853 17.44797 17.541162 17.35477 
0.247166 0.252348 0.001465749 24.71664 25.23476 25.381333 25.088183 
0.257106 0.246171 0.00309349 25.71065 24.61714 24.926492 24.307794 
0.244341 0.286303 0.011871064 24.43406 28.63032 29.817428 27.443215 
0.171784 0.127693 0.012473001 17.17837 12.76934 14.01664 11.522039 
0.190698 0.257397 0.018868866 19.06977 25.73965 27.626539 23.852766 
0.261073 0.309306 0.01364482 26.10733 30.93058 32.295064 29.5661 
0.462948 0.387724 0.021280463 46.29479 38.77244 40.900484 36.644391 
0.272274 0.325098 0.014943853 27.22739 32.50984 34.004226 31.015455 
0.330351 0.290994 0.011133763 33.03508 29.09944 30.212819 27.986067 
0.444444 0.448608 0.001177818 44.44444 44.86079 44.978569 44.743005 
0.232516 0.276739 0.012510674 23.25155 27.6739 28.924971 26.422837 
0.36796 0.320722 0.013363543 36.79604 32.07221 33.408568 30.735859 
0.361573 0.370444 0.002509709 36.15728 37.04442 37.295395 36.793453 
0.344689 0.316751 0.007903392 34.46886 31.67512 32.465463 30.884785 
0.419706 0.414812 0.001384629 41.97062 41.48117 41.619635 41.34271 
0.413043 0.386613 0.007477137 41.30435 38.66128 39.408996 37.913569 
0.303922 0.342943 0.011039127 30.39216 34.29434 35.398249 33.190424 
0.387755 0.38119 0.001857294 38.77551 38.11898 38.304712 37.933253 
0.333333 0.365345 0.009055888 33.33333 36.53447 37.440054 35.628876 
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Table G.3.1  Winter BOD interval. 
 
BOD             
Data  Model  95% Confidence Data % Model % upper limit lower limit 
0.171994 0.18059 0.002483987 17.19941 18.05898 18.307378 17.81058 
0.145013 0.168496 0.006786221 14.5013 16.84963 17.528249 16.171005 
0.184426 0.157338 0.007827914 18.44262 15.73382 16.516615 14.951032 
0.242314 0.210029 0.00932963 24.23139 21.00293 21.935896 20.06997 
0.173333 0.182502 0.002649649 17.33333 18.25023 18.515192 17.985263 
0.155131 0.166453 0.00327202 15.51305 16.64531 16.972515 16.318111 
0.167857 0.162096 0.001664822 16.78571 16.20961 16.376096 16.043131 
0.27439 0.230586 0.012658548 27.43902 23.05861 24.32447 21.79276 
0.1 0.15766 0.016662517 10 15.76596 17.432209 14.099706 
0.182143 0.165582 0.004785782 18.21429 16.5582 17.036775 16.079618 
0.133665 0.176683 0.012431273 13.3665 17.66826 18.911391 16.425136 
0.169515 0.148793 0.005988224 16.95151 14.87933 15.478149 14.280504 
0.183939 0.151681 0.009322105 18.39394 15.16808 16.100295 14.235874 
0.154992 0.168596 0.003931139 15.49921 16.85955 17.252667 16.466439 
0.197287 0.17461 0.006553437 19.72873 17.46096 18.116299 16.805611 
0.143257 0.167394 0.0069753 14.32568 16.73944 17.43697 16.04191 
0.168615 0.173775 0.001491151 16.86154 17.37754 17.526657 17.228427 
0.152555 0.208232 0.016089585 15.25551 20.82321 22.432168 19.214251 
0.166423 0.159886 0.001888829 16.64225 15.98863 16.177516 15.79975 
0.176101 0.163758 0.003566742 17.61006 16.37581 16.732489 16.01914 
0.220173 0.227085 0.001997489 22.01729 22.70851 22.908258 22.508761 
0.208671 0.163864 0.012948346 20.86711 16.38642 17.681253 15.091584 
0.159606 0.16571 0.001764046 15.96056 16.571 16.747405 16.394596 
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Table G.3.2  Winter COD interval. 
 
COD             
Data  Model  95% Confidence Data % Model % upper limit lower limit 
0.172003 0.183668 0.003371211 17.20026 18.36684 18.703965 18.029723 
0.144994 0.214125 0.019977423 14.49941 21.41247 23.410213 19.414728 
0.133203 0.181653 0.014001125 13.32028 18.16528 19.565392 16.765167 
0.139185 0.179273 0.011584557 13.91849 17.92725 19.085708 16.768796 
0.170949 0.173449 0.000722478 17.09486 17.34487 17.417118 17.272623 
0.173173 0.222742 0.014324626 17.31726 22.27421 23.706668 20.841742 
0.238797 0.225551 0.003827973 23.87973 22.55508 22.93788 22.172286 
0.41225 0.349479 0.018139549 41.22498 34.94791 36.761865 33.133955 
0.337577 0.268335 0.020009567 33.75772 26.83353 28.83449 24.832577 
0.251102 0.213374 0.010902741 25.11022 21.3374 22.427671 20.247122 
0.194527 0.258179 0.018394427 19.45266 25.81794 27.657379 23.978494 
0.373636 0.228596 0.041913842 37.36364 22.85962 27.051004 18.668235 
0.3825 0.312258 0.020298563 38.25 31.22581 33.255668 29.195956 
0.26586 0.241186 0.007130496 26.58605 24.11858 24.831633 23.405534 
0.256346 0.316302 0.017326185 25.63462 31.63023 33.362849 29.897612 
0.242017 0.233221 0.002541821 24.20168 23.3221 23.576282 23.067918 
0.25125 0.312135 0.017594592 25.125 31.2135 32.972955 29.454037 
0.405701 0.338177 0.019513235 40.57013 33.8177 35.769019 31.866372 
0.159291 0.140436 0.005448743 15.92909 14.04359 14.588465 13.498717 
0.192997 0.202765 0.002822579 19.29973 20.27647 20.558725 19.994209 
0.51369 0.539852 0.007560219 51.36905 53.98521 54.741235 53.229191 
0.29771 0.294388 0.000960026 29.77097 29.43876 29.534759 29.342754 
0.249393 0.232521 0.004875586 24.93929 23.25212 23.739679 22.764562 
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Table G.3.3  Winter TSS interval. 
 
TSS             
Data  Model  95% Confidence Data % Model % upper limit lower limit 
0.275992 0.246177 0.008616139 27.59921 24.61765 25.479265 23.756037 
0.155012 0.19688 0.012098931 15.50123 19.68799 20.897885 18.478099 
0.246238 0.221551 0.007134041 24.6238 22.15511 22.868518 21.44171 
0.253309 0.222286 0.008964919 25.33088 22.22863 23.125121 21.332138 
0.208077 0.265918 0.016714975 20.80769 26.5918 28.2633 24.920305 
0.183881 0.24464 0.017558388 18.38806 24.46403 26.219866 22.708189 
0.191172 0.245031 0.015564321 19.11716 24.50309 26.059525 22.946661 
0.291128 0.315787 0.007126035 29.11275 31.57867 32.291277 30.86607 
0.260247 0.288529 0.008172996 26.02472 28.85294 29.670236 28.035637 
0.211689 0.249847 0.011027122 21.16888 24.98474 26.087453 23.882028 
0.292605 0.232376 0.017404929 29.26045 23.23759 24.978079 21.497093 
0.233638 0.257574 0.006917115 23.36377 25.7574 26.44911 25.065687 
0.389277 0.338433 0.014693093 38.92774 33.84329 35.312597 32.373979 
0.276662 0.315987 0.011364249 27.66615 31.59868 32.735102 30.462252 
0.338583 0.30948 0.008410115 33.85827 30.948 31.789013 30.10699 
0.285047 0.263326 0.006276945 28.50467 26.33258 26.960271 25.704882 
0.380502 0.296075 0.024397853 38.05021 29.60749 32.047276 27.167705 
0.307 0.246428 0.017504082 30.69996 24.64279 26.393197 22.892381 
0.27935 0.2277 0.014925716 27.93496 22.77001 24.262582 21.277439 
0.199881 0.255149 0.015971344 19.98811 25.51489 27.112025 23.917756 
0.362264 0.382986 0.005988299 36.22642 38.29863 38.897458 37.699798 
0.243845 0.273544 0.008582465 24.38448 27.35438 28.21263 26.496137 
0.314103 0.283795 0.00875841 31.41026 28.37946 29.255306 27.503624 
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